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146.1335 ^ § 

IN THE UNITED. STATES PATENT AUD TRADEMARK OFFICE 



PCT Date:^uLS^ 

JESUS CORTES et al 
PCT No. : PCT/FR98/01593 
Filed: January 25, 2 000 
For: BIOSYNTHESIS. . .MID THEIR USE 




In re Application of 



COMPLETION OF APPLICATION 




600 Third Ave|ue « » O § ^ ^ 
New York N. Y . ^,100 l|| 1 S 
February 23, 1 0 0 0 1 ;• ^ ^ ^ 
fill 



Asst. Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



' ^ ft, 2 I I « 



In order to complete the filing of the above -application. 
Applicants are submitting herewith the executed declaration to 
replace the unexecuted declaration filed with the application. 
Also enclosed is a check for $130.00 for the completion fee. Since 
the filing of the application is now complete, it is requested that 
it be forwarded to the group for examination in due course. 



By: 



03/01/2000jPVOLPE 00000019 094y705 
01FC:1S4 130.00 OP 



Respectfully submitted, 
Bierman, Muserlian and Lucas 



harles A. /Mus 



Charles A. /Muserlian #19,683 
Attorney for Applicants 
Tel.# (212) 661-8000 



CAMids 
Enclosures 
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TRANSMITTAL LETTER TO THE UNITED STATES 
* DESIGNATED/ELECTED OFFICE ' (DO/EO/US) 

^wivv^LKps IfsO A rlLlfNU UrvUcK JJ U.S.C J/1 


146.1335 ' 

U7/ *tQ>'» '^•^ 


PrT/FRq8/01593 1 July 21, 1998 


PRIORI i V Date cl.ajmhd — ^ — 
July 25, 1997 




APPLfCAKr(S) FOR DO/EO/US 

FRDMF.NTTN Pf 



lAppIic 



»i herewith submits u 



c Uoitcd Sutcs Designated/Elected Office (DO/EO/USJ (he foHowiag iicms znd oLher uiforraaiioc: 



!. (Xj This 13 a HRST jubmission of iiems cooceming a filing under 35 U.S.C 37]. 

2. □ TTus is a SECONTD or SUBSEQUENT submiaion of items cooccrning a filing acdcT 35- U.S.C. 371. 

3. □ Tnis express request to begin national cxaxninarioa procedures (35 U.S.C. 371(f)) at any (Lme rather Lbaa delay 

cxaminatioc until the expiratioQ of the applicable lime lunii set in 35 U.S.C. 371(b) aid PCT Articles 22 and 39( i ) . 
i. □ a proper Demand for LnterMtionai pTeiiminaxy Examination was made by the i9ih monlh from ihc earliest claimed prionry dale 
5. S A copy of the hitcraztioasl Applicarioa as filed (35 U.S.C. 371(c)(2)) 

a. S is cransmitted herewith (required only if not transmirwd by the Intcmaiiooai Bureau). 

b. O lias been transmiticd by the In tcmalional Bureau. 

c. □ is not required, as the applicadoa was filed in the United Stales Rccciviijg Office (R^ 
. 13 A translarion of the liiternariojial Application into English (35 U.S.C. 37i(c)(2)). 

□ AmcndmcQts to the claims of the Intemarionai Application under PCT Arriclc !9 (35 U.S.C. 371(c)(3)) 

a. O are traasmiticd herewith (required only if not transmitted by the International Bureau). 

b. n have been traasmirtcd by the Intcmaxioaal Bureau. 

c. □ have not been made, however, the time limit for making such amendments has NOT expired. 

d. O have not been made and will not be made. 

□ A franslarion of the amendments to the claims under PCT Axticlc 19 (35 U.S.C. 37 1(c)(3)). 



j An oath or declaration of the 



.r(s) (35 U.S.C. 37i(cX4)). Unexecuted 



0. □ A transiadon of the annexes to the International Prelimioarv Examinarion Repon under PCT Anick 36 
(35 U.S.C 371(c)(5)). 

I Items 11. to 16. belo-w concern other docuiB€nt(5) or information included: 
1 1. C3 An Information Disci osur: Statement under 37 CFR 1.97 and 1.98. 

12. Cli An assignment dooimcnt for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 I is included. 



1 3 . A FIRST preliminary amendment. -*= 
□ A SECOND or SUBSEQUENT preliminary amendment. 

14. □ A substitute specification. 

15. □ A change of power of artomcy and/or address Ictwr. 

E] Other items or Information: Drawings (60 sheets); French International Preliminary 
Examination Report; Paper Copy of Sequence Listing 
English 
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t7. [Xj Tnc followiag fees arc submincd: 

Basic NatJoQii Fee (37 CFR 1.492(aXlH5)): 
Search Rcpon has been prepared by the EPO or JPO 5330.00 

IntcniiiioQal prelimiiury examimtioD fee paid to USPTO (37 CFR 1.432) 

No bEcraatioaaJ prelimmury examinatioQ fee paid to USPTO (37 CFR 1.422) 
but mtcrcational search fee paid to USPTO (37 CFR 1.445(a)(2)).. SI 1 0.00 

Neither intenuniooaJ preliminary cxaminarion fee (37 CFR 1.482) nor 
int^mationa] search fee (37CFR 1.445(a)(2)) paid to USPTO ■ 5950.00 

IntemaiiooaJ preliminary cxaminatioQ fee paid to USPTO (37 CFR 1.422) 
and aJl claLms satisfied provisions of PCT Anicic 33(2>-(4) 590.00 

ENTER APPROPRIATE BASIC FEE AMOim* = 


Ca L C LTL ATI ONsI rro tTT^TT" 


$ 970.00 


$ 970.00 




Surcharge of 5130.00 for furnishing the oaih or dcclaraxion laicr than Q 20 Q 30 
months from the earlier^ claimed priority date (37 CFR 1.492(c)). 


$ 




Claims 


Number Filed 


Number Extra 


R21C 






41 - 


. 21 




5 378-00 




Indcpcadest Ozi=ii 


21 -3 - 1 ■ 18 




5 14(j4_oo " 




Muitiplc dependent claims(s) (if applicable) 


+ 5230.00 


$ 




TOTAL OF ABOVE CALCULATIONS = 


5 2 752.00 




Reduction by 1/2 for fiiing by small entity, if applicable. Verified Small Entity Element 
must also be filed. (Note 37 CFR 1.9, 1.27, I.2S). 


$ 




SUBTOTAL = 


^ 2752.00 




Processing fee of 5130.00 for fiiraisfaing the English translaiion later the Q 20 D 30 
months from the earliest claimed priority date (37 CFR 1.492(f)) + 






TOTAL NATIONAL FEE = < 


P 2752.00 




Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 328, 3 J 1). 540.00 per property + ^ 






TOTAL FEES ENCLOSED = $ 


2752.00 








Amount (0 be: 
refunded 


$ 




charged 


$ 



0 Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 



_ to cover the above fees. 



J The Commissioner is h.^'eby autfaorizcdtn charpc,^y additional fees which may be required or credit any 
overpaymeat to Deposit Account No. ^^"^^^^ . A dupiicaie copy of this sheet is enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 cr 1.49S has not been met, a petitioo to revive (37 CFR 
.137(a) or (b)) must be filed and granted to restore the appiicattoa to pending status. 



SEND All. CO RRESTONDENCE TO: 

Blerman, Muserlian and Lucas 
600 Third AVeirue 
New Yoirk, NY 10016 



Charles A. Mu serlian 
19,683 
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Our Ref.: 146.1335 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Application of: : 

PCT/FR98/ 01593 : PCT Date: July 21, 1998 

FROMENTIN et al : 

Serial No. : : 

Filed: Concurrently Herewith : 

For: BIOSYNTHESIS. . .AND THEIR USE : 

600 Third Avenue 
New Vork, NY 10016 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please amend this application as follows: 

IN THE SPECIFICATION : 

Page 1, before line 1, insert 

—This application is a 371 of PCT/FR98/01593 filed July 
21, 1998. — 

IN THE CLAIMS : 

Claim 5, line 1, cancel "one of claims 1 to 4" and insert 
— claim 1 — . 

Claim 12, line 1, cancel "one of claims 8 to 11" and insert 
— claim 8 — . 



REMARKS 



The amendment is submitted to insert reference to the 
application and to remove multiple dependency from the claims. 



Respectfully submitted, 
BIERMAN, MUSERLIAN AND LUCAS 



a^L^ » 

Charles A. Muserlian, #19>683 
Attorney for Applicant (s) 
Tel, # (212) 661-8000 



CAMtsd 

Enclosure: Return Receipt Postcard 
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lexoses in 



Saccharopoly spora erythrsea and in Strer^toniyces antihlotlcus 
and their use . 

5 The present invention describes the genes involved in 

the biosynthesis and transfer of 6-desoxyhexoses in Saccharo- 
polyspora erythraea and their use in the production of 
analogues of erythromycin by genetic manipulation. 

Erythromycin A is a clinically important macrolide 
10 antibiotic produced by the gram-positive bacterium Sac. 
erythraea. The biosynthesis genes of erythromycin are 
organised in a cluster of ery genes which also includes the 
erythromycin auto-resistance gene ermE. 



15 eryAII and eryAIII (locus eryA) coding for three polypeptides 
comprising the polyketide synthetase (called PKS) flanked by 
two regions comprising the genes involved in the subsequent 
stages of the conversion of the lactone nucleus 
(6-desoxyerythronolide B) into erythromycin A. 
20 During the erythromycin A biosynthesis process 

represented in Figure 1, the biosynthesis of the 6- 
desoxyhexoses comprises all the enzymatic reactions leading 
from glucose-l-phosphate to the final activated sugar dTDP-L- 
mycarose or dTDP-D-desosamine . The dTDP-L-mycarose or dTDP- 
25 D-desosamine thus produced are then used as substrates for 
the transfer of the two desoxyhexoses onto the lactone 
nucleus. The formation of erythromycin requires the 
attachment of the mycarose via the hydroxyl in position C-3 
of the lactone nucleus and the attachment of the desosamine 
30 via the hydroxyl in position C-5. All the eryB genes 

involved in the biosynthesis or the transfer of the mycarose 
and all the eryC genes involved in the biosynthesis or 
transfer of the desosamine have not yet been clearly 
identified . 

35 The ery cluster with a length of 56 kb comprises 21 open 

reading frames (ORFs) the numbering of which has been 
established by Haydock et al. (1991) and Donadio et al. 
(1993). The eryA locus comprises the ORFs 10, 11 and 12. 



The ery cluster contains the three major genes eryAI, 



the 



.eft part Of the ery cluster allowed a first Identrf.ca ron 
of the eryCI gene (ORFl, (DhUlon et al., , then of the 

:.^Br.enf ,0RF2,, of the eryH locus (OR.s 3, 4 and 5, the 



inactivation of which leads to the production of 
Tdesryer^th^onollde B, of a er.BIl locus (OR.s 7 and B, and 
the eryCII gene (Weber et al., 1990). 

;^ong the enzymatic activities involved rn the 
subseguent .edifications of the lactone nucleus the eryF gene 
,0RF4) responsible for the hydroxylatlon in position C6 
^eber et al., 199X, and the aryK gene (ORF20) responsible 
: rt e hydroxylatlon in C12 (Stassi et al., 1993, have been 
Identified. Moreover, the ery= gene (0RF6, responsibl for 
the 0-.ethylation of .ycarose to cladlnose (position 3 OH) 
.as been identified (»eber et al., 19B9) . Erythromycin . 
thus formed via erythromycin B or erythromycin C from 
Lythromycm 0 according to the proposed diagram <-^-;^' ' 

The functional characterization of the 
,enes situated on the right part of the ery cluster ORFs 13 
To 19) has not yet been precisely established, despi e the 
f a mintary Information reported in various ™- 
et al 1993; Liu and Thorson, 1994; Katz and Donadio, 1995). 

;;e to the commercial interest in macrolide antibiotics, 
the Obtaining of new derivatives, in particular of ana ogue. 



of erythromycin having advantageous properties, is keenly 
sought. Modifications may be desired in the aglycone part 

::crolactone, or/and in its secondary hydroxylat on as well 
as in the sugar part (cladlnose and/or desosamme) of 

"''Turrent'methods such as chemical modifications are 
difficult and limited vis-a-vis the type of product that can 
Te Obtained from erythromycin. For example, SaKa.ibara et 
al (1984) review chemical modifications carried out from 
erythromycin A or B, both in the sugar part and the 

^^""rdircations of the macrolactone of erythromycin . by 
genetic manipulation of the microorganism erythraea have 

been described m the International Patent Application 
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WO 93/13663 as well the obtaining of novel polyketide 
molecules by specific genetic alterations of the eryA locus 
of the chromosome coding for PKS . For example 7- 
hydroxyerythromycin A, 6-desoxy-7-hydroxyerythromycin A or 3- 
5 oxo-3-desoxy-5-desoaminyl-erythronolide A have been obtained 
in this way. 

The present invention relates to the functional 
characterization of ten genes of Sac. erythraea involved in 
the biosynthesis or the attachment of mycarose and of 

10 desosamine (eryBII, eryCIII and eryCII situated downstream 
from the eryA locus and eryBIV, eryBV^ eryCVI, eryBVI, 
eryCIV, eryCV and eryBVII situated upstream) , their use in 
the production of analogues of erythromycin as well as a 
preparation process for them. 

15 Therefore a subject of the present invention is an 

isolated single- or double-stranded DNA sequence, represented 
in Figure 2 (direct and complementary sequence of SEQ ID No 
1) corresponding to the eryG-eryAIII region of the cluster of 
erythromycin biosynthesis genes and a particular subject is 

20 an above DNA sequence comprising: 

- the eryBII sequence corresponding to 0RF7 (complementary 
sequence of SEQ ID No . 1 from nucleotide 48 to nucleotide 
1046) and coding for a dTDP-4-keto-L-6-desoxyhexose 2,3- 
reductase, 

25 - the eryCIII sequence corresponding to 0RF8 (complementary 
sequence of SEQ ID No.l from nucleotide 1046 to nucleotide 
2308) and coding for a desosaminyltransf erase and 

- the eryCII sequence corresponding to 0RF9 (complementary 
sequence of SEQ ID No.l from nucleotide 2322 to nucleotide 

30 3404) and coding for a dTDP-4 -keto-D- 6-desoxyhexose 
3, 4-isomerase. 

The above DNA sequence shown in Figure 2 is a genomic 
DNA sequence which can be obtained for example by sub-cloning 
restriction fragments of a genomic DNA fragment of Sac. 
35 erythraea, according to operating conditions a detailed 
description of which is given hereafter. 

A more particular subject of the invention is an 
isolated DNA sequence represented in Figure 2 chosen from the 
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eryBII sequence corresponding to ORF7 (complementary sequence 
of SEQ ID No.l from nucleotide 48 to nucleotide 1046), the 
eryCIII sequence corresponding to 0RF8 (complementary 
sequence of SEQ ID No.l from nucleotide 1046 to nucleotide 
5 2308) or the eryCII sequence corresponding to 0RF9 

(complementary sequence of SEQ ID No.l from nucleotide 2322 
to nucleotide 3404) and the sequences which hybridize and/or 
have significant homologies with this sequence or fragments 
of it and having the same function. 

10 A quite particular subject of the invention is the 

eryCIII isolated DNA sequence represented in Figure 2 
corresponding to 0RF8 (complementary sequence of SEQ ID No.l 
from nucleotide 1046 to nucleotide 2308 = complementary 
sequence of SEQ ID No . 4 ) and coding for a desosaminyl- 

15 transferase. 

The eryBII sequence corresponding to 0RF7 codes for a 
polypeptide having 333 amino acids (sequence of SEQ ID No . 2 ) , 
the eryCIII sequence corresponding to 0RF8 codes for a 
polypeptide having 421 amino acids (sequence of SEQ ID No . 5 ) 

20 and the eryCII sequence corresponding to 0RF9 codes for a 

polypeptide having 361 amino acids (sequence of SEQ ID No. 3). 

The respective enzymatic activities indicated above has 
been demostrated by the introduction of an internal deletion 
to the corresponding gene as illustrated hereafter in the 

25 experimental part. 

Sequences which hybridize and having the same function 
are taken to include DNA sequences which hybridize with one 
of the above DNA sequences under standard conditions of high 
or medium stringency described by Sambrook et al. (198 9) and 

30 which code for a protein having the same enzymatic function. 
The terra same enzymatic function, is taken to mean a given 
enzymatic activity on substrates of a similar nature, for 
example a dTDP-5-desoxyhexose or a bare or glycosylated 
macrolactone . Conditions of high stringency comprise for 

35 example a hybridization at 65°C for 18 hours in a 5 x SSPE, 

10 x Denhardt, 100 yg/ml DNAss, 1 % SDS solution, followed by 
2 washings for 20 minutes with a 2 x SSC, 0.05 % SDS solution 
at 65°C followed by a last washing for 45 minutes in a 



0.1 X SSC, 0.1 % SDS solution at 65°C. Conditions of medium 
stringency comprise for example a last washing for 20 minutes 
in a 0.2 x SSC, 0.1 % SDS solution at 55°C. 

Sequences which display significant homologies and 
having the same function are taken to include sequences 
having an identity of nucleotide sequence of at least 60 % 
with one of the above DNA sequences and which code for a 
protein having the same enzymatic function. 

A subject of the invention is also a polypeptide coded 
by one of the above DNA sequences and a particular subject is 
a polypeptide corresponding to an ORF represented in Figure 
2, chosen from 0RF7 (having the sequence of SEQ ID No. 2), 
0RF8 (having the sequence of SEQ ID No. 5) or 0RF9 (having the 
sequence of SEQ ID No. 3) and the analogues of this 
polypeptide . 

Analogues are taken to include the peptides having an 
amino acid sequence modified by substitution, deletion or 
addition of one or more amino acids inasmuch as these 
products retain the same enzymatic function. The modified 
sequences can be prepared, for example, by using the site- 
directed mutagenesis technique known to a person skilled in 
the art. 

A more particular subject of the invention is the 
polypeptide corresponding to ORF 8 represented in Figure 2 
(having the sequence of SEQ ID No. 5) and having a 
desosaminyltransferase activity, called EryCIII. 

The invention describes an EryCIII recombinant protein 
of Sac. erythraea obtained by expression in a host cell 
according to known genetic engineering and cell culture 
methods . 

The obtaining of the purified recombinant protein has 
allowed confirmation of the characterization of the 
glycosyltranferase function associated with the product of 
the eryCIII gene in an in-vitro test which demonstrates the 
transfer of the active sugar dTDP-D-desosamine onto the 
lactone nucleus . 

A subject of the invention is also thymidine 5'-(tri- 
hydrogen diphosphate) , P ' - [3 . 4 , 6-tridesoxy-3- (dimethylamino) - 



D-.xylo.-hexopyranosyl] ester (dTDP-D-desosamine) and the 
addition salts with the bases, a preparation example of which 
is described hereafter in the experimental part. 

A subject of the invention is also an isolated DNA 
sequence represented in Figure 3 (sequence of SEQ ID No. 6) 
corresponding to the eryAI-eryK region of the cluster of 
erythromycin biosynthesis genes and a particular subject is 
an above DNA sequence comprising: 

- the eryBIV sequence corresponding to 0RF13 (sequence of SEQ 
ID No. 6 from nucleotide 242 to nucleotide 1207) and coding 
for a dTDP-4-ceto-L-6-desoxyhexose 4-reductase, 

- the eryBV sequence corresponding to 0RF14 (sequence of SEQ 
ID No. 6 from nucleotide 1210 to nucleotide 2454) and coding 
for a mycarosyltransferase, 

- the eryCVI sequence corresponding to 0RF15 (sequence of SEQ 
ID No. 6 from nucleotide 2510 to nucleotide 3220) and coding 
for a dTDP-D-6-desoxyhexose 3-N-methyltransf erase , 

- the eryBVI sequence corresponding to 0RF15 (sequence of SEQ 
ID No. 6 from nucleotide 3308 to nucleotide 4837) and coding 
for a dTDP-4-ceto-L-6-desoxyhexose 2 , 3-deshydratase , 

- the eryCIV sequence corresponding to 0RF17 (sequence of SEQ 
ID No. 6 from nucleotide 4837 to nucleotide 6039) and coding 
for a dTDP-D-6-desoxyhexose 3, 4-deshydratase, 

- the eryCV sequence corresponding to 0RF18 (sequence of SEQ 
ID No. 6 from nucleotide 6080 to nucleotide 7546) and coding 
for a dTDP-D-4, 6-didesoxyhexose 3 , 4-reductase and 

- the eryBVII sequence corresponding to 0RF19 (sequence of 
SEQ ID No. 6 from nucleotide 7578 to nucleotide 8156) and 
coding for a dTDP-4-ceto-D-6-desoxyhexose 3,5 epimerase. 

The above DNA sequence shown in Figure 3 is a genomic 
DNA sequence which can be obtained, for example, by sub- 
cloning restriction fragments of cosmids containing a genomic 
DNA library of Sac. erythraea , according to the operating 
conditions a detailed description of which is given 
hereafter . 

A more particular subject of the invention is an 
isolated DNA sequence represented in Figure 3 chosen from the 
eryBIV sequence corresponding to 0RF13 (sequence of SEQ ID 
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No . 6 from nucleotide 242 to nucleotide 1207), the eryBV j 

sequence corresponding to 0RF14 (sequence of SEQ ID No . 6 from j 

nucleotide 1210 to nucleotide 2454), the eryCVI sequence | 

corresponding to 0RF15 (sequence of SEQ ID No . 6 from i 

5 nucleotide 2510 to nucleotide 3220) , the eryBVI sequence : 
corresponding to 0RF16 (sequence of SEQ ID No. 6 from 
nucleotide 3308 to nucleotide 4837), the eryCIV sequence 

corresponding to 0RF17 (sequence of SEQ ID No. 6 from , 

nucleotide 4837 to nucleotide 6039) , the eryCV sequence I 
10 corresponding to 0RF18 (sequence of SEQ ID No. 6 from 

nucleotide 6080 to nucleotide 7546) or the eryBVII sequence 
corresponding to 0RF19 (sequence of SEQ ID No. 6 from 

nucleotide 7578 to nucleotide 8156) and the sequences which ' 

hybridize and/or display significant homologies with this ! 

15 sequence or fragments of the latter and having the same ; 

function. | 

A quite particular subject of the invention is the eryBV \ 

isolated DNA sequence represented in Figure 3 corresponding j 

to 0RF14 (sequence of SEQ ID No. 6 from nucleotide 1210 to ' 

20 nucleotide 2454) and coding for a mycarosyltransf erase . 

The eryBIV sequence corresponding to 0RF13 codes for a ■: 

polypeptide having 322 amino acids (SEQ ID No. 7), the eryBV j 

sequence corresponding to 0RF14 codes for a polypeptide i 

having 415 amino acids (SEQ ID No . 8 ) , the eryCVI sequence | 

25 corresponding to 0RF15 codes for a polypeptide having 237 | 

amino acids (SEQ ID No. 9), the eryBVI sequence corresponding i" 

to 0RF16 codes for a polypeptide having 510 amino acids (SEQ I 

ID No. 10), the eryCIV sequence corresponding to 0RF17 codes ; 

for a polypeptide having 401 amino acids (SEQ ID No. 14), the j 

30 eryCV sequence corresponding to 0RF18 codes for a polypeptide j 

having 489 amino acids (SEQ ID No. 11) and the eryBVII \ 

sequence corresponding to 0RF19 codes for a polypeptide ? 

having 193 amino acids (SEQ ID No. 12). ' 

The respective enzymatic activities indicated above have ; 

35 been demonstrated by the introduction of an internal deletion 
to the corresponding gene as illustrated hereafter in the 

experimental part. ; 

The DNA sequences which hybridize as well as the DNA i 



sequences which display significant homologies and having the 
same function have the same meaning as that indicated 
previously. 

A subject of the invention is also a polypeptide coded 
by one of the above DNA sequences and a particular subject is 
a polypeptide corresponding to an ORF represented in Figure 
3, chosen from 0RF13 (having the sequence of SEQ ID No . 7 ) , 
0RF14 (having the sequence of SEQ ID No . 8 ) , 0RF15 (having the 
sequence of SEQ ID No. 9), 0RF16 (having the sequence of SEQ 
ID No. 10), 0RF17 (having the sequence of SEQ ID No. 14), 0RF18 
(having the sequence of SEQ ID No. 11) or 0RF19 (having the 
sequence of SEQ ID No. 12) and the analogues of this peptide. 

The analogues of the polypeptide have the same meaning 
as that indicated previously. 

A more particular subject of the invention is the 
polypeptide corresponding to 0RF14 represented in Figure 3 
(having the sequence of SEQ ID No. 8) and having a 
mycarosyltransferase activity, called EryBV. 

Knowledge of each eryB or eryC DNA sequence of the 
invention indicated above and shown in Figure 2 or Figure 3 
allows the present invention to be reproduced for example by 
known methods of chemical synthesis or by screening a genomic 
library using oligonucleotide synthesis probes by known 
techniques of hybridization or by PGR amplification. 

The polypeptides of the invention can be obtained by 
known methods, for example by chemical synthesis or by the 
recombinant DNAmethod by expression in a procaryotic or 
eucaryotic host cell. 

Another subject of the invention relates to the use of 
at least one of the DNA sequences chosen from the sequences 
eryBII (complementary sequence of SEQ ID No.l from nucleotide 
48 to nucleotide 1046), eryCIII (complementary sequence of 
SEQ ID No.l from nucleotide 1046 to nucleotide 2308) or 
eryCII (complementary sequence of SEQ ID No.l from nucleotide 
2322 to nucleotide 34 04) represented in Figure 2, eryBIV 
(sequence of SEQ ID No . 6 from nucleotide 242 to nucleotide 
1207), eryBV (sequence of SEQ ID No . 6 from nucleotide 1210 to 
nucleotide 2454), eryCVI (sequence of SEQ ID No . 6 from 



l.otide 2510 to nucleotide 3220), eryBVI (sequence of SEQ 
nucleotide nucleotide 4837), eryCIV 

,0 Ho.e f.o. - ^ «37 to nucleotide 

roTTJ equLce o. SEC XO «o.S f.o» nucleotide e080 to 
bujyj / exyv-. ^ No-6 from 

5 nucleotide 7546) or eryBVII (sequence of SEQ ID N 

-, 4-^^^ ftiRfi^ reTDresented m k igure o, 

rr;n:rsi:rL::r:ro:r.;::Loiites m s.c. e.yt.«e.. 

-:Lid secLd.. »et.ol.e_e t .en to .ean .tn.^ 
analogues of arythromycxn, i e. ^erxvatx 
10 .avmq one o. .ore Lro/erythUcin 

rtirio::: actLitv are attached. T.e .od.fied sugar resrdue 
ran be for example, 4-lceto-L-mycarose. 

T;e synthesis of hybrid secondary metabolxtes .n a . 

-nt :::rred^::,°L:ta::!e:TyTr 

rnirirtirorore-or .ore erye or er. genes a.o.e and the 

ri-roirnrr-^^^^^^^^^^^^ 

integration of a DNA sequence obtained accordxng to the M 
huff i ng" method (Staler. 1994, or by the construction of 
ThLric'cH. sequence, for example from - ^^^f^^ ^ 

.equence of the Invention r.^r:! uence, and 

roL^rgLnsrar f^: rams — 

for example Streptomyces fradzae. Strep ^ 

S.„..s .ene.uelae ^ ----f-'ir Illst one of 

The invention also relates to ^ae 
.he OH^ sequences chosen from the sequences eryBll^^^^ 

(complementary sequence of SEQ ID No.i 

No.l from nucleotide 1046 to nucleotide 2308) or eryCl 



15 



20 



30 



35 



c-Fn TD No.l from nucleotide 2322 
(coraplementary sequence of 10 N° 

to nucleotide 3404) represented xn ^^^^ure A Y 

949 to nucleotiae xzu / ; , ^-^j- 
o.vn ID No. 6 from nucleotxde z^z nu , ^.^ 

of SEQ ID NO ,,cleotide 1210 to nucleotxde 

(sequence of SEQ nucleotide 2510 

2454), eryCVI (sequence of SEQ 

n ^^Ho ^990) ervBVI (sequence of SEQ iU no.d 
to nucleotxde 3220), ery I (sequence of SEQ 

nucleotide 3308 to nucleotxde 4837) eryu _ 
ID NO 6 from nucleotide 4837 to nucleotxde 6039), 

SEQ ID No 6 from nucleotide 6080 to nucleotxde 
(sequence of SEQ ID No.b nucleotide 
7546) or eryBVII (sequence of SEQ ID No.b 
,578 to nucleotxde 8156) represented in Fxgure 3 or of a 
..aqment of t.is sequence, as ^^^^^^^^ ,e 

The eryB or eryC DNA sequences of the xnven 
used to constitute hybridization probes of ^^^^^/^ 

- »• ■••;:»:„ 

' T Fianre 2 (complementary 

^rx/TIII DNA sequence represented xn Fxgure ^ k ^ 

:ruence Of SEQ ID «o,l fro. nucleotide 1046 to nucleotrde 
2308 = complementary sequence of SEQ ID No. 4) as a 
hybridization probe for Isolating homologous genes 

5 responsible for the glycosylatlon of the macrolactone rn a 

-°^"r:n:rti:nl:r:rr:rc;iarly rentes to the abo.e 
nse, m which the homologous genes are the oleandomycrn 
biosynthesis genes in S. antiblotrcus. 

^he ln.entron . rib. by «ay .^an e..l. ^^^^^^ 

r.TsorarnrLlirourfenes !n a P^o^^ctl.e st ai 
Oleandomycin. The eryCIII probe used ^as allowed 
isolation of the oleGl and oleG2 genes -^-^ fo^ 
35 glycosyltransferases In S. antiMotrcus 

transfer of desosamlne and oleandrose onto the lactone 

nucleus. ^ ■ „„ „f the oleGl and oIeG2 

The functional characterization of the ole^. 
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cluster of oleandomycin b.osynthesxs genes 

to be defined. indention is an isolated DNA 

Therefore a subject of the . ,„.15) 

3e,uence "P^-^rre^or'^thr clusrer of oleandomycin 

corresponding to a region 

biosynthesis genes comprising: nucleotide 184 

_ the sequence corresponding to ORF 



25 



30 



to nucleotide 1386, nucleotide 
_ the sequence corresponding ^^^^"/'/'^....nsf erase 
1437 to nucleotide 2714 coding for a glycosylt 

activity, ^- ^ ORF oleG2 from nucleotide 

_ the sequence corresponding ^° ^ ,,,,nsferase 

i^^^irie 3999 coding for a giycusy 
2722 to nucleotiae ::>^->y 

activity, f^on, nucleotide 3992 

- the sequence corresponding to ORF ^le 

to nucleotide 4720 (= ,,,, nucleotide 4810 

- the sequence corresponding to ORF oleY 

to nucleotide 5967. tt^ „nre 22 (sequence of 

The above Dm sequence shown Fxgure 
S,o 10 «o.l5, is a genomic ... ^--^^f^ \ the 
£or example from a cosmid — -"/^^^J^^ ./hybridisation 
Cluster of Oleandomycin -^^^^^^^^^^ ^^^oj,,,^, conditions 
„lth an eryCIXX probe, -^-^-^/^^/^^ ^reafter. 
a detailed description of which isg ,^ 

A more particular subject o£ ^^e i ^^^^ 
isolated OHA seguence -P"-"^^ Iquence of SEO I. 

the seguence ^ ^clLtide ..14 coding for a 

NO. 15 from nucleotide 143/ seauence corresponding 

.lycosyltransferase activity and he egu^^ ^^^^^^^^^^ ^^^^ 

to ORF oIeG2 .sequence of SEQ ID ^j.^,, 
to nucleotide 3999) coding for a glyc Y 
activity. ■ ^t nf the Invention is an 

isoiaL:;;: re:rcr:b::rc::r l^^^^^^^^^^^^^^ ---l..... 

(sequence of SBO 10 «o.l5 ^ as well 

„14, coding for a ■'^^--^^^^^j;: "e.^c^ding to ORF oleG2 
as an isolated DNA sequence above cot 
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(sequence of SEQ ID No. 15 from nucleotide 2722 to nucleotxde 
3999) coding for an oleandrosyltransf erase activity. 

The sequence corresponding to ORF oleGl codes for a 
polypeptide having 426 amino acids (sequence of SEQ ID No. 17) 
and the sequence corresponding to ORF o2eG2 codes for a 
polypeptide having 426 amino acids (sequence of SEQ ID 

""^'''ihe respective enzymatic activities indicated above have 
been demonstrated by alteration of the corresponding gene as 
illustrated hereafter in the experimental part. 

A subject of the invention is also the polypeptide coded 
by the DNA sequence corresponding to ORF oleGl and having a 
desosaminyltransferase activity (sequence of SEQ ID No.l7) 
and the polypeptide coded by the DNA sequence corresponding 
to ORF oIeG2 and having an oleandrosyltransf erase activity 

(sequence of SEQ ID No. 18) . 

The polypeptides above called OleGl and 01eG2 

respectively can be obtained by the known methods indicated 

above. , 

A subject of the Invention is also a process for the 
preparation of hybrid secondary metabolites in Sac. erythraea 
in which: 

- a DNA sequence is isolated containing at least one aryB ^ 
sequence or an eryC sequence of the cluster of biosynthesis 
, genes of erythromycin represented in Figure 2 

sequence of SEQ ID No.l) or in Figure 3 (sequence of SEQ 

!° 'a' modification is created in said sequence and an altered 
sequence is obtained, 
, - the altered sequence is integrated into the chromosome of 
the host strain and a modified strain is obtained, 

- the modified strain is cultured under conditions which 
allow the formation of the hybrid secondary metabolite and 

- the hybrid secondary metabolite is isolated. 

5 The modification of the DNA sequence can be carried out 

for example by an addition and/or by a deletion of DNA 
sequences of at least one nucleotide, in an eryB or eryC 
sequence of the invention which codes for one of the 
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corresponding enzymes indicated above. 

The integration of the altered sequence into the host 
strain can be carried out for example by the homologous 
recombination method which can be carried out according to 
the diagram shown in Figure 4 and leads to the generation of 
chromosomal mutants of Sac. erythraea strains which are then 
cultured according to the known general methods of cell 
culture . 

A particular subject of the invention is the above 
process in which the DNA sequence codes for one of the 
enzymes chosen from a 

- dTDP-4-keto-D-6-desoxyhexose 2 , 3-reductase, 

- desosaminyltransferase, 

- dTDP-4-keto-D-6-desoxyhexose 3, 4-isomerase, 

- dTDP-4-keto-L-6-desoxyhexose 4-reductase, 

- mycarosyltransf erase, 

- dTDP-D-6-desoxyhexose 3-N-methyltrans f erase , 

- dTDP-4-keto-L-6-desoxyhexose 2 , 3-deshydratase , 

- dTDP-D-6-desoxyhexose 3 , 4-deshydratase, 

- dTDP-D-4 , 6-didesoxyhexose 3 , 4-reductase or 

- dTDP-4-keto-D-6-desoxyhexose 3,5 epimerase. 

A more particular subject of the invention is the above 
process in which the alteration of the sequence results in 
the inactivation of at least one of the enzymes indicated 
above . 

The inactivation of at least one of the enzymes is 
demonstrated, on the one hand by the absence of production of 
erythromycin, on the other hand by the accumulation of 
precursors of erythromycin such as 6-desoxyerythronolide B, 
erythronolide B or 3-a-mycarosyl erythronolide B and/or the 
accumulation of hybrid secondary metabolites as defined 
previously in the supernatants of cultures of the 
corresponding modified strains. 

The invention quite particularly relates to the above 
process in which the inactivated enzyme is a dTDP-4-keto-L- 6- 
desoxyhexose 4-reductase or in which the inactivated enzyme 
is a dTDP-D-6-desoxyhexose 3 , 4 -deshydratase or in which the 
enzyme is a mycarosyltransf erase or in which the inactivated 
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enzyme is a dTDP-4-keto-L-6-desoxyhexose 2 , 3-reductase . 

The invention also relates to the above process in which 
the isolated hybrid secondary metabolite is an analogue of 
erythromycin chosen from 4 "-keto-erythromycin, 4 ' -hydroxy- 
5 erythromycin or 3"-C desmethyl-2" , 3"-ene-erythromycin or in 
which the isolated hybrid secondary metabolite is desosaminyl 
erythronolide B. 

Examples of the implementation of the process according 
to the invention are given in the experimental part. The 
10 accumulation of hybrid secondary metabolites in modified 
strains of Sac. erythraea is also described hereafter. 

The invention also relates to a modified strain of Sac. 
erythraea in which at least one of the enzymes is chosen 
from a 

15 - dTDP-4-keto-L-6-desoxyhexose 2 , 3-reductase, 

- desosaminyltransf erase, 

- dTDP-4-keto-D-6-desoxyhexose 3 , 4-isomerase, 

- dTDP-4-keto-L-6-desoxyhexose 4-reductase, 

- mycarosyltransf erase, 

20 - dTDP-D-6-desoxyhexose 3-N-methyltransf erase, 

- dTDP-4-keto-L-6-desoxyhexose 2, 3-deshydratase, 

- dTDP-D-6-desoxyhexose 3 , 4-deshydratase, 

- dTDP-D-4 , 6-didesoxyhexose 3 , 4-reductase or 

- dTDP-4-keto-D-6-desoxyhexose 3,5 epimerase 

25 is inactivated and producing at least one hybrid secondary 
metabolite . 

The invention particularly relates to the modified 
strain of Sac. erythraea BII92 in which a dTDP-4-keto-L-6- 
desoxyhexose 2 , 3-reductase is inactivated and producing 3"-C 

30 desmethyl-2" , 3"-ene-erythromycin C, the modified strain BIV87 
of Sac. erythraea in which a dTDP-4-keto-L-6-desoxyhexose 4- 
reductase is inactivated and producing 4 "-keto-erythromycin, 
the modified strain CIV89 of Sac. erythraea in which a dTDP- 
D-6-desoxyhexose 3 , 4 -deshydratase is inactivated and 

35 producing 4 ' -hydroxyerythromycin D as well as the modified 

strain BV88of Sac. erythraea in which a mycarosyltransf erase 
is inactivated and producing desoaminyl erythronolide B. 
Detailed constructions of the above strains are given 
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hereafter in the experimental part. 

The invention also relates to a process for the 
preparation of precursors of oleandomycin in S. antibioticus 
in which 

5 - an alteration is created in the sequence of the gene 
chosen from the DNA sequence corresponding to ORF oleGl 
(sequence of SEQ ID No. 15 from nucleotide 1437 to nucleotide 
2714) 

and the DNA sequence corresponding to ORF oieG2 (sequence of 
10 SEQ ID No. 15 from nucleotide 2722 to nucleotide 3999) in the 
chromosome of a host strain and a modified strain is 
obtained, 

the modified strain is cultured under conditions allowing 
the accumulation of the precursors of oleandomycin and 
15 - these precursors are isolated. 

The alteration of the DNA sequence can be carried out 
for example by interruption of the target gene in the strain 
S. antibioticus, for example by integration of a plasmid by 
the homologous recombinant method and leads to the generation 
20 of chromosomal mutants of the wild strain. 

The invention particularly relates to an above process 
in which the alteration is created in the DNA sequence 
corresponding to ORF oieGl (sequence of SEQ ID No. 15 from 
nucleotide 1437 to nucleotide 2714) and the result of which 
25 is at least the elimination of the desoaminyltransf erase 
activity and the accumulation of the precursor of 
oleandomycin 8 , 8a-desoxyoleandolide . 

The accumulation of a non-glycosylated precursor of 
oleandomycin 8 , 8a-desoxyoleandolide observed by interruption 
30 of the oJeGl gene is due to a transcriptional polar effect 
which inactivates the oieG2 gene. 

An example of implementation of the above process is 
given hereafter in the experimental part. 

35 Materials and general methods. 

1. Bacterial strains, plasmids and growth conditions. 

The Sac. erythraea strain used for the realisation of 
the invention is a spontaneous phenotypic variant called "red 



variant" (Hessler et al . , 1997) of the wild strain Sac. 
erythraea NRRL 2338 the growth of which is carried out m a 
routine manner either on solid medium R2T2 (medium R2T 
described by Weber et al., 1985 without peptone), R2T20 
(Yamamoto et al.., 1986) or Ml-102 on agar (Kaneda et al., 
1962), or in liquid medium TSB (Oxoid) at 30°C. 

The Streptoznyces li^idans strain 1326 (John Innes 
Culture collection) described by Hopwood et al . (1983), used 
for the preparation of plasmids devoid of replication orxgrn 
of Escherichia coli such as pIJ702 and pIJ486, was maintaxned 
on solid medium R2YE(R5) (Hopwood et al . , 1985). 

Growth of the E. coli XLl-blue (Stratagene) , JMllO 
(Stratagene) and DHSa.MCR (GibcoBRL) strains, used for 
preparations of plasmids, was carried out in a routine manner 
in liquid medium 2 x YT or LB or in solid medium LB on agar, 
as described by Sambrook et al. (1989). The E. coli XLl-blue 
strain is used for routine clonings. The JMllO strain xs 
used for clonings where restriction sites such as Bell are 
used The DHSa.MCR strain is used for the preparation of 
plasmids intended to be introduced into Sac. erythraea for an 
optimum transformation. 

selection of the plasmids in E. coli was carried out on 
ampicillin (Sigma) at 100 ^ig/ml. 

The Bacillus subtilis ATCC 6633 or Bacillus pumilus ATCC 
14884 strains were used as indicator strains to evaluate the 
production of erythromycin in biological tests using a record 
of bacterial sensitivity to antibiotics. 

The Litmus28, pUC18 and pUCl9 plasmids (New England 
Biolabs) were used in a routine manner for the sub-clonings. 
The PIJ702 vector (Katz et al . , 1983) was obtained from the 
John Innes Institute. The pIJ486 vector (Ward et al . , 1986) 
was obtained from C.J. Thompson (University of Basle, 
Switzerland) . The phagmide pTZlSR was obtained from 
Pharmacia Biotech. The shuttle vector coli-streptomyces 
PUWL218 (Wehmeier, 1995) used for the chromosomal integration 
intp Sac. erythraea was obtained from W . Piepersberg 
(Wuppertal University, Germany) . 
2. DNA manipulation and sequencing. 
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The general methods of molecular biology used are 
described by Sambrook et al., 1989. 

Reagents of commercial origin were used including the 
restriction enzymes (New England Biolabs and Boehringer 
Mannheim) , the Klenow fragment of DNA polymerase I 
(Boehringer Mannheim) . The "DNA ligation system" k.t 
(Amersham) was used to carry out the ligations and the 
Plasmid Midi kit (Quiagen) or RPM kit (BiolOl Inc.) for 
purifying the plasmidic DNA. 

The preparation of the DNA of the X bacteriophage was 
carried out according to Ausubel et al. (1995) and the 
isolation of the chromosomal DNA of Sac. erythraea accordrng 
to Hopwood et al. (1985). 

The transformation of S. lividans and isolatxon of the 
plasmids was carried out according to Hopwood et al. (1985). 
3. Preparation of erythronolide B and 3-a-mycarosyl 

erythronolide B. 

Erythronolide B and 3-a-mycarosyl erythronolide B were 
purified from culture extracts of the mutant eryCI (clone 
WHB2221 described by Dhillon et al . , 1989) by chromatography 
on aminopropyl gel (LichroprepNH2 25-40 Merck) wxth an 
elution gradient by successive butyl chloride/ methylene 
chloride mixtures (100:0, 80:20, 50:50 and 20:80) followed by 
a linear elution gradient by the butyl chloride /methanol 
, ^.ixture varying from 99:1 to 90:10. The fractions contaxnxng 
the expected products are brought to dryness under vacuum 
then analyzed by thin-layer chromatography (TLC) . 
Erythronolide B is then crystallized from an ethyl 
acetate/hexane mixture then recrystallized from ethanol. 3-a- 
: n^ycarosyl erythronolide B is crystallized twice from an ethyl 
acetate/hexane mixture. 
Mentioned media. 

For Tlitre of aqueous solution: sucrose 103 g; K.SO. 0.25g; 
5 yeast extract 6.5 g; tryptone 5.0 g; bactoagar 22.0 g; 

distilled water sqf 860 ml. The solution is sterilized by 
autoclaving for 30 minutes at 120°C. At the time of use the 
following sterile solutions are added: 20 ml of glucose at 50 



%- 25 ml of Tris-HCl IM, pH7.0; 5 ml of KH2PO4 at 0 . 5 % ; 2 . 5 
rul of NaOH IN; 50 ml of CaCl. IM; 50 ml of MgCl,.6H,0 IM and 2 
ml of solution of "trace elements" (Hopwood et al., 1985). 

2. R2T20: 

For one litre of aqueous solution: R2T2 medium containing 
206 g of sucrose. 

3. Ml-102 (Kaneda et al., 1962): 

For 1 litre of aqueous solution: glucose 5 g; commercial 
brown sugar 10 g; tryptone 5 g; yeast extract 2.5 g; Versene 
36 mg; tap water 1000 ml; final pH adjusted to 7.0 to 7.2 
with KOH. The solution is sterilized by autoclaving for 30 
minutes at 120°C. 

4. R2YE(R5) (Hopwood et al., 1985): 

For 1 litre of aqueous solution: sucrose 103 g; K2SO4 0.25 g; 
MgCl2 6H2O 10.12 g; casaminoacids 0.1 g; solution of "trace 
elements" 2 ml; yeast extract 5 g; TES 5.72 g; bactoagar 15 
g. distilled water sqf 940 ml. The solution is sterilized by 
autoclaving for 30 minutes at 120°C. At the time of use, the 
following sterile solutions are added: 10 ml of 0.5 % KH^PO.; 
20 ml of CaCl2 IM; 15 mi of L-proline at 20 %; 20 ml of 
glucose at 50 % and 1 ml of CuCla lOmM. 

5. 2 X TY: 

For 1 litre of aqueous solution: tryptone 10 g; yeast extract 
10 g; NaCl 5 g. 

6. PT buffer: 

For 1 litre of aqueous solution: sucrose 100 g; K2SO4 0.25 g; 
MgCl26H20 5.1 g; solution of "trace elements" 2 ml; distilled 
water sqf 875 ml. The solution is sterilized by autoclaving 
for 30 minutes at 120°C. At the time of use, the following 
sterile solutions are added: 5 ml of CaCla and 20 ml of TES 
5.3 %. 

7 Sucrose-succinate (Caffrey et al . , 1992): 

For 1 litre of aqueous solution: sucrose 0.2 M; succinic acid 
20 mM; potassium phosphate 20 mM (pH 6.6); magnesium sulphate 
5 mM; potassium nitrate 100 mM; solution of "trace elements" 
2 ml. The solution is sterilized by autoclaving for 30 
minutes at 120°C. 

The attached figures illustrate certain aspects of the 
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invention. 

Figure 1 represents the biosynthesis route for 
erythromycin A. 

Figure 2 represents the nucleotide sequence (direct and 
complementary sequence of SEQ ID No.l) of the eryG-eryAIII 
region of the cluster of biosynthesis genes of erythromycin 
comprising ORFs 7, 8 and 9 and their deduced protein 
sequences . 

Figure 3 represents the nucleotide sequence (sequence of 
SEQ ID No. 6) of the eryAI-eryK region of the cluster of 
biosynthesis genes of erythromycin comprising ORFs 13 to 19 
and their deduced protein sequences. 

Figure 4 represents the diagram for gene substitution by 
homologous recombination. 

Figure 5A represents the organisation of the left part 
of the cluster of biosynthesis genes of erythromycin in Sac. 
erythraea the ORFs 1 to 9 of which are indicated by arrows as 
well as a restriction map of the plasmids pK62, pBCKl, pKB22, 
pBK44, pBIISB, pEco2 and pK23, generated from genomic clone 
XSE5.5. (Abbreviations of the restriction enzymes: B, BamEl; 
Be, BcII; Bg, Bglll; E, EcoRI; K, Kpnl ; M, Mlul; P, Pstl; S, 
Sad; Sa, Sail.) 

Figure 5B represents the organisation of the right part 
of the cluster of the biosynthesis genes of erythromycin in 
Sac. erythraea the ORFs 13 to 21 of which are indicated by 
arrows as well as a restriction map of the plasmids pBK6-12, 
pCN9, pNC028, pNB49, pNC062, pPSP4, pNC062X and pBABlS . 
(Abbreviations of the restriction enzymes: B, EamHI; Ba, 
Bail; Be, Bell; C, Clal; E, EcoRI ; K, Kpnl ; N, Ncol; Ns, 
Nsil; P, Pstl; Pv, PvuII; S, SacI; Sc, Seal; Sh, SphI; Sp, 
Spel; X, Xbal; Xh, Xhol) . 

Figure 6A represents the construction diagram for the 
plasmid pBIIA. 

Figure 6B represents a restriction map of the plasmid 

pUWL218 . 

Figure 6C represents a restriction map of the plasmid 
pBIIA. 

Figure 7A represents the construction diagram of the 



plasmid pdel88 . 

Figure 7B represents the construction diagram of the 

plasmid pdel88A. 

Figure 7C represents the construction diagram of the 

plasmid pOBB . 

Figure 7D represents the construction diagram and a 
restriction map of the plasmid pCIIIA. 

Figure 8A represents the construction diagram of the 

plasmid pCIIA. 

Figure SB represents a restriction map of the plasmid 

pORTl . 

Figure 8C represents a restriction map of the plasmid 
pCIIA. 

Figure 9A represents the construction diagram of the 

plasmid pBIVA. 

Figure 9B represents a restriction map of the plasmid 

pBIVA. 

Figure lOA represents the construction diagram of the 
plasmid pBVA. 

Figure lOB represents a restriction map of the plasmid 

pBVA. 

Figure llA represents the construction diagram of the 
plasmid pPSTI. 

Figure IIB represents a restriction map of the plasmid 

pPSTI . 

Figure 12A represents the construction diagram of the 

plasmid pXhoI. 

Figure 12B represents a restriction map of the plasmid 

pXhoI . 

Figure 13A represents the construction diagram of the 
plasmid pCIVA. 

Figure 13B represents a restriction map of the plasmid 

pCIVA. 

Figure 14A represents the construction diagram of the 
plasmid pCVA . 

Figure 14B represents a restriction map of the plasmid 

pCVA. 

Figure 15 represents the analysis by Southern blot of 
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the Mutant strains BII92, CIII68, CII62, BIV87, BV88, CIV89 
and CV90, compared with the "red variant" wild strarn marked 
Wt For each mutant, the restriction enzyme used is 
indicated below each blot and the size of the bands detected 
before each blot i= estimated relative to the molecular 
weight markers A-Hlndlll and X-BstEII (not detectable by 
auto-radiography) . 

Figure 16 represents the analysis by PGR of the mutant 
strains BII91, CIII68, CII62, BIV87, BV8B, CIV89 and CV90, 
compared with the "red variant" wild strain marked Wt and 
with the plasmids pBIIA, pCIIIA, pCIIA, pBIVA, PBVA, PCIVA 
and pCVA used respectively in order to obtain the mutant by 
homologous recombination. The sizes of the bands detected by 
ethidium bromide staining are estimated relative to the 
molecular weight markers *X174-HaeIII or X-BstEII. Figure 17 
represents the analysis by TLC of the metabolites P^^"-^ 
the mutant strains B1192, CIII68, CII62, BIV87, BV88, CIV89 
and CV90, compared with the standard products erythromycin A 
(Er A) , erythronolide B (EE) and 3-a-mycarosyl erythronolide 

B (MEB) . ^ ^. 

Figure 18 represents the analysis by SDS-PAGE of the 
purification of the EryCIII protein successively after 
extraction with urea 7M (line 2), Q Sepharose chromatography 
(line 3), Superdex chromatography (line 4), Q source 
chromatography (line 6) with standard molecular weight 
markers (lines 1 and 5) ; 

Figure 19 represents the analysis by TLC of the 
biological activity test of the EryCIII protein, by 
incubation with d-TDP-D-desosamine (line 2) or with d-TDP- 
) desosamine and 3-a-mycarosyl erythronolide B (MEB) (line - 
compared with the MEB control (line 1) and with the 
erythromycin A control (line 4) . The dotted lines mark the 
zones showing an antibiotic activity using an autobiogram on 

B . pumilus . . 
5 Figure 20 represents the localization of the six cosmxds 

(COSAB35, COSAB76, cosAB87, cosAB67, cosAB63 and cosAB61) 
covering all of the cluster of the oleandomycin biosynthesxs 
genes. The restriction fragments BamRl (marked B) 
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....idizin, wit. the pro.es .a..ed str M, 0 . and the Ba.HI 
fragments (3.5 kb and 2.7 Rb, hybridlzxng wrth the probe 

f^^rvCIII are shown. , 

ngure 21 represents the organisation of the rrght part 
of the cluster of the oleandromycin biosynthesis genes m S. 
antlMoticus the different ORFs of which (.ar.ed oiePl 

arrows as well as a restriction .ap of the P^--^;- / 

and the insert of the plas.id pC03 generated 

The double arrow indicates the insert corresponding to 

sequence of Figure 22 (abbreviations of the 

enzy.es: B, Ba.HI; Bg. Bglll; K, Kpnl; S, Sad; Sh, Sphl. 

star indicates that it is not a unique site) . 

Figure 22 represents the nucleotide sequence (sequence 
of SEQ ID NO. 15) of the region covering the olePl, oleGl, 
oieG2, oleM and oleY oleandomycin biosynthesis genes and 
their deduced protein sequences. 

^^I^ 1= Cloning and se^encing the erj^-e^AIII reg.on of 
the cluster of biosynthesis genes of erythromycin. 

A genomic Dm fragment of Sac. erythraea NRRL 2338 
having > 20 downstream from the er^E gene covering rn 
particular ORFs 3 to 9 and corresponding to the clone XSE5.S 
L well as the nucleotide sequence of a 4 . 5 kb fragment 
corresponding to the region of the ery cluster comprised 
between 3.7 Kb and 8.0 kb from the 3' end of the er.E gene 
:l comprising ORFs 3, 4, 5 and 6 were described by Haydock 

'';akinriccount of the restriction map shown by Haydock 
et al (1991), sub-clones were derived from clone XSE5.5 by 

, sub-cloning restriction fragments in pUC19. The P^--"^ 
PKB22, PBK44, pBlISB and pEco2 were thus generated according 
to Figure 5A in the following fashion: 

From the DNA of clone XSE5.5 digested by the Kpnl 
restriction enzyme, plasmids pK62 and pK66 were directly 

5 constructed by sub-cloning of the Kp.I fragment of 5. 
P0C19, the plasmid pK66 corresponding to the same Kpnl 
fragment sub-cloned with an reversed orientation of the 
irert relative to the vector. The plasmid pKB22 containing 
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an insert of 2.9 kb was then derived from plasmid pK66 by 
excision of the BamRl-Bglll fragment (2.9 kb) covering 0RF8 
as well as a part of ORFs 7 and 9 by digestion with the BamHI 
and Bglll restriction enzymes. m the same way, the plasmrd 
PKB44 containing a insert of 2.9 kb was obtained from the 
plasmid pK62 by excision of the BaraEl-BglH fragment (2.9 kb) 
covering the eryG gene corresponding to ORFs 5 and 6 and the 

eryF gene corresponding to 0RF4 . 

The plasmid pBIISB was derived from the plasmid pBK44 by 

sub-cloning in pUC19 of the Sail fragment of 600 bp obtained 

from the plasmid pBK44 digested by the Sail restriction 

enzyme (Figure 5A) . 

From the DNA of the clone XSE5 . 5 digested by the EcoRI 

restriction enzyme, the plasmid pEco2 was directly 

constructed by sub-cloning of the EcoRI fragment (2.2 kb) xn 

pUCl9. 

The sub-clones pKB22, pBK44, pBIISB and pEco2 thus 
obtained were then sequenced. Analysis was carried out on 
the plasmidic DNA samples, purified beforehand on a Quxagen 
100 column (Quiagen) , on the ABI prism 377 automatic 
sequencer. The sequencing reactions were carried out by the 
Sanger method (1977) using conventional M13 primers or 
synthetic primers and fluorescent triphosphate 
didesoxynucleosides and Taq FS polymerase (Perkin Elmer) xn 
, the presence of 5 % of dimethylsulphoxide, the synthetxc 
primers used having the following sequences: 

TCCTCGATGGAGACCTGCC (SEQ ID No. 22) 

GAGACCATGCCCAGGGAGT (SEQ ID No. 23) 

TCTGGGAGCCGCTCACCTT (SEQ ID No. 24) 

GACGAGGCCGAAGAGGTGG (SEQ ID No. 25) 

GCACACCGGAATGGATGCG (SEQ ID No. 26) 

fullC3S CCGTCGAGCTCTGAGGTAA (SEQ ID No. 27) 

fullC3R GCCCGAGCCGCACGTGCGT (SEQ ID No . 28 ) and 

C4 TGCACGCGCTGCTGCCGACC (SEQ ID No. 29). 

Assembling of the sequence data was carried out with the 
Autoassembler™ software package (Applied Biosystem) . The 
sequences were analyzed using the GCG set of software 
(Devereux 1984) . 



C3R2 
B2R1 
C3S2 
C2R1 
C2S 
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The nucleotide sequences obtained allowed the nucleotide 
sequence of 3412 bp of Figure 2 to be established (direct and 
complementary sequence of SEQ ID No.l) in which three ORFs 
(7, 8 and 9) were identified respectively from nucleotide 
5 8957 to nucleotide 7959, from nucleotide 10219 to nucleotide 
8957 and from nucleotide 11315 to nucleotide 10233 (numbered 
in Figure 2 from the BamRl site situated at the 5' end of the 
ermE gene) (respectively complementary sequence of SEQ ID 
No.l from nucleotide 48 to nucleotide 1046, from nucleotide 

10 1046 to nucleotide 2308 and from nucleotide 2322 to 

nucleotide 3404) and corresponding respectively to the 
eryBII, eryClII and eryCII genes according to Liu and Thorson 
(1994) the functional characterizations of which had not yet 
been identified. The three ORFs 7, 8 and 9 have the same 

15 orientation, reading being carried out from the 3 ' region of 
the eryAIII gene. 

Specimens of E. coli XLl-blue containing the coding 
region for the above ORFs were deposited at the Collection 
Nationale de Cultures de Microorganismes (CNCM) INSTITUT 

20 PASTEUR, 25, Rue du Docteur Roux 75724 PARIS CEDEX 15 FRANCE, 
on the 16 July 1997: 

- the plasmid pK62 comprising the coding sequence for 0RF7 , 
ORFS and part of 0RF9 under the number 1-18 97, 

- the plasmid pEco2 comprising the coding sequence for 0RF9 
25 and part of ORFS under the number 1-18 99. 

EXAMPLE 2 : construction of the plasmid pBIIA. 

An integration plasmid, called pBIIA and carrying a 
deletion in the eryBII gene coding for 0RF7 , was constructed 
according to the diagram in Figure 6A. 

30 The BclI-BamHI fragment of 598 bp was deleted in the 

plasmid pK62 obtained in Example 1 by digestion with the Bcil 
and BamHl enzymes. The resulting plasmid pBCKl was then 
digested with the Mlul and Bglll restriction enzymes so as to 
delete a 853 bp fragment inside 0RF7 from nucleotide 8011 to 

35 nucleotide 8863 of the sequence of Figure 2. After filling 
in the ends using the Klenow fragment of DNA polymerase I, 
the plasmid containing the deletion was religated and 
transformed in E. coli XLl-blue. From the plasmid pl9BII/X 



...3 ,enara«d, the Kp.I-«lndIII fragment (4 3 .b, wh.ch 
Carrie, the deletion wa. sub-cloned in the pla.mrd pUWL218 
(Figure 6B) . The presence of the 853 bp deletion from 
nucleotide SOU to nucleotide 8B63 in the plasmid pBII. thus 
generated (Figure 6C) was confirmed by sequencing. 
The plasmid pBIIA was then transferred into the E. col. 
DHSaMRC strain, then used to transform Sac. -^-t^raea^ 
BxaMPLE 3: construction of a Sac. erythraea ery Blli stra.n 

'""tL construction of a Sac. eryt.raea strain in which the 
eryBII gene carried an internal deletion such as that 
introduced into the plasmid pBIIA prepared in Examp e 2 and 
The integration process were carried out in the followrng 

'""'The preparation of the protoplasts was carried out 
according to the method described by Weber and LosrcK 988), 
using PEG 3350 (Sigma, instead of PEG 1000 and ^ 
buffer (called PT, containing MgCU.6H.O 28 m and wrthout 
Po!h.K instead of the P, L or T buffers described, aocordrng 

to the following operating conditions: 

The cells (at least 10" spores, of Sac. erythraea red 

variant" (a sample of which was deposited at the Collectron 

Ta onale de Cultures de Microorganismes 

PASTEUR, 25, Rue du Docteur Roux 75724 PARIS CEDEX 15 FRANCE, 

on the 16 July 1997 under the number 1-1902, were grown rn 
50 ml of TBS medium for 3 to 5 days at 30-C, then «-hed wxth 
10 3 % sucrose. The cells were resuspended in 50 ml of 
bu«er containing 2 to 5 mg/ml of lysozyme (Sigma, , then 
incubated at 30'C for 1 to 2 hours, with desegregatxoh the 
, ..celium mass every 15 minutes until °^^f^,^ 
least 50 * of the mycelium to protoplasts. ^^e protoplasts 
were washed with 50 ml of PT buffer, resuspended xn 12 . 5 
25 ml of the same buffer, slowly frozen then stored at 
by 200 \il aliquots. 

For the transformation, one aliquot was thawed and 50 ,1 
were removed then transferred Into a 15 ml tube One to 10 
of plasmidic D«A pBIIA, prepared in Example 2 ^""^he E. 
coir DH5.MRC strain were dissolved in 5 to 10 ,1 of TE buffer 
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(Tris HCl 10 mM pH 7.5, EDTA 1 mM) then deposited on the wall 
of the inclined tube to which was then added 0.5 ml of a 
solution of PEG 3350 in PT buffer prepared extemporaneously 
from an aqueous solution at 50 % which is diluted to one half 
in the 2 X PT buffer. After dilution with 3 to 5 ml of PT 
buffer then centrif ugat ion at 2500 rpm for 15 mn, the pellet 
was dissociated in 0.5 ml of PT buffer and the suspension of 
transformed protoplasts thus obtained is immediately 
distributed onto 2 or 3 very dry R2T2 dishes (3 hours under a 
laminar flow hood). . The dishes were then incubated at 32 C 
for 16 to 24 hours until the regeneration film of the 
protoplasts appears. From a stock solution of thiostrepton 
(Sigma) at 50 mg/ml in DMSO, an appropriate quantity was 
diluted in 0.5 to 1 ml of water then spread on the dishes so 
as to obtain a final concentration of 20 ^g of 
thiostrepton/ml of gelose. After complete absorption of the 
antibiotic, the dishes were incubated at 32°C for 3 to 4 
days, which allows visualisation of the transf omants . The 
dishes were incubated for several more days until the spores 
were completely developed. 

Selection of the integrants corresponding to the first 
recombination event (Figure 4) was carried out by replication 
of the sporulated dishes using velvet or by spreading a 
suspension of the spores onto R2T2 dishes containing 
thiostrepton then incubation at 32°C, which allows clones of 
potential integrants to grow. 

For the selection of clones which have undergone a 
second recombination event (Figure 4), 5 to 10 thiostrepton- 
resistant clones obtained above were cultured in 8 ml of TSB 
) liquid medium at 30°C for 3 to 4 days. 50 to 100 ^.1 were 
removed and recultured under the same conditions. After 4 
successive cycles of dilution and culture intended to 
encourage the loss of the thiostrepton resistance marker, 
protoplasts were prepared from the cells as indicated above, 
5 so as to expel the plasmid. The protoplasts were then spread 
onto R2T2 dishes so as to obtain individualized colonies the 
sensitivity to thiostrepton of which was determined by 
replication on R2T2 dishes containing thiostrepton. 



Depending on the position of the second recorrtoinat.on 
event relative to the deletion site (Figure 4), it can be 
expected that the phenotype of the colonies which are 
sensitive to thiostrepton are of wild type or of Mutated type 
carrying the deletion. 

Among the colonies which are sensitive to thiostrepton, 
selection of the mutants having the ery phenotype was carrred 
out by record of bacterial sensitivity to antibiotics on the 
B pumllu^ ATCC 14884 strain which is sensitive to 
erythromycin. The B. pu.ilus strain was used as and an 
indicator strain for evaluating the production of 
erythromycin in biological tests by record of bacterial 
sensitivity to antibiotics. The colonies were spread using a 
platinum loop onto R2T2 dishes, then incubated for 3 to 4 
days at 30-C. The agar areas where the mutant has grown at 
confluency are then removed with a punch then placed on 
TmLc. dishes covered with a 4 ml overlayer of 0.5 x ^ Merc. 
(Antibiotic agar No.l Merck) inoculated with a suspension of 
B pumiius spores, then incubated overnight at 37 C. 

The presence of the expected deletion in the chromosome 
of the mutant (deletion of 853 bp from nucleotide 8011 to 
nucleotide 8863 in Figure 2) was then confirmed by genomic 
analysis using Southern blot as well as by PCR in the 
following fashion: 

For the analysis by Southern blot, the transfer of 
qenomic DNA, digested beforehand with the appropriate 
Lstriction enzyme, on GeenscreenPlus (Dupont NEN) membranes 
was carried out in 0 . 4 M NaOH according to Ausubel et al . 
(1995) . The hybridizations were carried out using as a probe 
the oligonucleotide labelled at its 5' end using [y P]ATP 
(Amersham) and the polynucleotide kinase (Boehringer 
Mannheim) according to Sambrook et al . (1989), havxng the 
following sequence: 

B2-S TTGGCGAAGTCGACCAGGTC (SEQIDNo.30) 
, corresponding to the DNA region at the start of the eryG gene 
situated from position 4118 to position 4137 of -^^^^ 
deposited in the EMBL base under the reference X60379 and 
described by Haydock et al. (1991). The hybridizations were 



. . Hth a rapid hybridization buffer (Amersham) and 

restriction enzyme, a bana oi -j r^xTQ? we^re 

■ a band of 4.9 kb from the mutant BII92 were 

wild strain and a band or ^ .^Hirate the 

. ^ ThP results shown in Figure 15 indicate rne 

10 in this region of the chromosome. 

For the analysis by PCR ,a 100 ^.l sample o a 3 day 
culture in TSB medium was centrifuged. The pellet obtaxned 

H»H in 10 ul of TSB medium, then used for 
"^ir/irtfon h .C. system 9«00 apparatus <Per.in 

15 "m r Cetu . .fter heatin. the sample for 3 -inutes at 

-/--:n.:rrrnrro\rorsr::ir;:;:-^^^^^^^ 

1 mn; 55 C, 1 mn, , „f m » dimethvlsulphoxide 

(Perkin Elmer) in the presence of 10 . drmethy P 

'°^rr:as ::r:reror:s:n r:ir,oL;ieotide b.s 

r^Zoleotide ha.n. the -^^o - sequence: 
complLeLry tr d of 

the Dm region situated from position 8873 to position 8892 
the DNA regio ^^^^^ nucleotides were 

of the sequence of Figure z ^ 

HHoH the 5' end and which allows framing by PCR 
^ri^fication Of the region carrying the rnternal deletion at 

°"'\he analysis by PCR amplification on whole cells allowed 

. .1 1 vv. in the wild strain and a band of 
30 a band of approximately 1 kb m the wiia ,Hentical 
^ v^v.^ RTjq? to be detected m an identical 
0.16 kb in the mutant 611^2 to oe , ^ottA The 

fashion to the signal obtained with the plasmid pBIlA. 

suits Shown m Figure 16 confirm that the 
approximately 900 bp detected by the f ^ 

• 1 t-^ t-hP,t carried by the plasmid pBIlA (853 bp) . 
" r Lrinanrstrain^hus obtained, designated Bl»., 

was then cultivated in order to identify the metabolrtes 
produced by the strain. 
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c ■RTT92 strain and 

..en...icat on Of t.e e==n ^^^^ .ediu. of t.e st.ain were 

^"":rBX». 3..a.„ «a3 co....e. .. a SO . e..en.eve. 

(Soluxys L-Corn steep liquor (Ko,uette ra^^ . ^^^^ ^ 

.efat^ed soya bean flour ^/^Z/ , autoclavin.) . 

g/l; pH - 6.8; glucose sqf 15 g/1 f^"^" ^ , .^th 

Len a o.l.u.e .o. .ou.s - o.2 g/l; 

CI2C0-6H2O 1 mg/1; pH - /.^. y 

-"%rri:rlupe..a.a.. was ..e. ^ -/^^o. 

etnyl acetate. ..e o.ga .c ^^^.n analyze, .y 
0 brought to d'^y--.-^"^^'^'^^:"„^,,.,,oro.ethane/™ethanol 
on 60 F254 sxl.oa gel <"-f ^^^^^^^^^..^^oH at 25 % 
(90:10. v/v, or -°P-Py^.;f " „as carrred out 

n5:35:2, v/v, , . ^"--^7^^^;^";;/, ,J «54 type ,Mer.) 
by TLC on bonded sllioa gel plates of 
.5 ebutyl chlorideMethanol <5°--"';^;^^^, „„ied out by 

The chemical revelatron of ,3 .sulphuric 

^—r: Of a solution o^^^P;;;;;--^^^^ , 

acid -ethanol (1.1.9. v, ,„tibiotic activities were 

QC°r The potential antloroLx^ 
minutes at 80 C. me y plates on agar 

analyzed by direct bioautography of the 

.eeded With j;:;;:rel;caX revelation (Figure 17, 

rrh Brn tfain preferentially accumulates 
shows that the BII92 str P ^^^^^ 
erythronolide B as e Pe e of^an^^^y^ showing an antibiotic 

Minor metabolites ox ± ^=,v.olites were 

T H^+-f-cted. These metabolites 
activity were also detectea . .^^^if led by reversed-phase 
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K^ass spectrometry. The RP-HPLC was carried out on a column 
(250 X 4.6min) of Kromasil C18 5^1 using an 

acetonitrile/methanol/aznmonium acetate 0.065 M pH 6.7 mixture 
(350-150-500, v/v) as the mobile phase, on a Waters 
chromatograph equipped with a Finningan TSQ 7000 mass 
spectrometer. 

Alongside traces of erythromycin A, B, C and D, 4 mxnor 
metabolites called Ml to M4 were detected: 

- Ml produces a parent peak at m/z 704 and f ragmentatxon 
products at m/z 576 and m/z 158. The presence of desamxnyl- 
erythronolide A (m/z 576) indicates that the difference rn 
m/z of 30 compared with erythromycin A (m/z 734) or of 16 
compared with erythromycin C (m/z 720) is carried by the 
neutral sugar residue. The proposed structure for Ml xs 3"-C 
desmethyl-2",3"-ene-erythromycin C. 

- M2 produces a parent peak at m/z 706 and f ragmentatxon 
products at m/z 576 and m/z 158. The presence of desamxnyl- 
erythronolide A (m/z 576) indicates that the difference xn 
m/z of 28 compared to erythromycin A (m/z 734) or of 14 
compared to erythromycin C (m/z 720) is carried by the 
neutral sugar residue. The proposed structure for M2 xs 3"-C 
desmethyl-erythromycin C. 

- M3 produces a parent peak at to m/z 690 and f ragmentatxon 
products at m/z 560 and m/z 158. The presence of desamxnyl- 

, erythronolide B (m/z 560) indicates that the difference xn 
m/z of 28 compared to erythromycin B (m/z 718) or of 14 
compared to erythromycin D (m/z 704) is carried by the 
neutral sugar residue. The proposed structure for M3 xs 3"-C 
desmethyl-erythromycin D. 

: - M4 produces a parent peak at m/z 720 and fragmentation 

products at m/z 576 and m/z 158. The profile is identical to 
that of erythromycin C (m/z 720) with the presence of 
desosaminylerythronolide A (m/z 576) and the loss of the 
aminated sugar residue (m/z 158), but the metabolite M4 does 

5 not have the same retention time in RP-HPLC as erythromycxn . 
The proposed structure for M4 is 3"-C desmethyl-erythromycxn 

The detection by MS-MS of the minor metabolite Ml having 



an unsaturated neutral sugar (3"-C desmethyl-2 ' 3 
erythromycin C, indicates that the eryBII gene codes for 
dTDP-4-keto-L-6-desoxyhexose 2, 3-reductase m the 
biosynthesis route °^ ,,,,.„aie de 

The BI192 strain was ^ ^^;3",; p,3,,„,. .5, Rue 

cultures de Mlcroorganrsmes (CNCM) INSTll 

du Dccteur Roux 75724 PARIS CEDEX 15 ERANCE, on the 16 July 
1997 under the number 1-1903. 

EXAMPLE 5: construotion of the plasmid pCIIIA. 

^^^^S may be tranalatlonally coupled to 0RF7 situated 
downstream, an In phase deletion was 

avoid a polar effect. An integration plasmxd, called pCIIA 
Which carries such a deletion, was constructed accordrng to 

irrairde:::::: was introduced .to from 

nucleotide 9384 to nucleotide 10046 of the sequence of Ergure 

y sub-clonmg in the plasmld pUC19 the two Sail ragme - 
,a. 794 bp and b: 631 bp shown in Eigure 5A ) xsolated from 
he plasmld pBK44 obtained in Example 1 in order - ^-erat 
the plasmld pdel88 (Figure 7A, . The presence of ^he de^et^ 
of 663 bp was confirmed by sequencing. The plasmrd pdel88 
was then subjected to two additional sub-clonrngs so as to 
extend the chromosomal regions which can be used for the 
horologous recombination of the two sides of the e e ron 
-S site The sad fragment (450 bp) of the plasmrd pdel88 was 
fir!; replaced by the Sad fragment (1.1 Kb, of the plasmrd 

;:o2 obLlned rn Example 1 in order to generate the plasmrd 
pdel88A (Figure 7B) . Then the i;coRI fragment (1.5 kb 
Tarrying the deletion in 0RF8 was isolated P lasmrd 



0 Tdri^ rar: ured to replace the .coRX --^ent (1 . 66 Kb) 
carrying the Intact ORE in the plasmid pOBB. The plasmrd 
pOBB represented in Figure 7C, corresponds to the p asmrd 
pBK prepared in Example 1 In the site PstX of whrch there 
Ls sub-cloned the fragment PstI of 4 kb of the plasmrd 
3. p ^4 6 Obtained b. digestion by the PstI restrlctxon enzym 
and carrying of the streptomyces replication orxgrn a well 
as the thlostrepton resistance gene. The resultant plasmrd 
pCIIIA carries chromosomal regions for the homologous 
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15 



obtained ^^^ure 7^ „,,3fo,™ing Sac. eryt.raea. 

'""ri;.ain m w.ic. t.e e.3^«X ,ene carries an internal 

r:r.: r:r-.r:; :r. ::: r;. 

. of sac erythraea with the plasmid pCIIlA. 

: p epL on Of tne p.otopXas.s, .he integration 
p.oce:s aL the selection o. the .utants na.in, tne .ry 
p.enotype we.e carried out as i^-^J ^ 

Xa addition, -^^"-;;;/^;'^:„^n:,,.„,i,e 9384 to 
the chromosome (deletion of 663 ''P^-- confirmed 
nucleotide 10046 of the sequence of ^^9"^; ^' 

genomic analysis by Southern blot as ^ ^j/"^^ 

aIp!lfioatlon according to the condxt.ons descrrbed 

"^"'"sing southern hybridization on the genomic D.. digested 
by the ^CORI restriction enzyme, using as probe the 
Oligonucleotide having the following seguence 

S ATGCGCGTCGTCTTCTCCTCCATG ^^^^ ^ 

rrespLmg to the complementary -J^nd of the regron 
.Ituated from position 101.6 to P--""^^ ^ ^ 

— rofrA^LrrLLit r dt . . 
ra::rire:r^o;rrn th^s regron 

°' ^^nfrriification was carried cut uarng the above 
Oligonucleotide C3-S and the oligonucleotide havrng the 

r3r"/crcroric.c.cc..cc (s.o lo «o 3, 

corresponding to the sequence ^^^^^^^^^^^^^ 
position 8974 of the sequence m Figure 2 allowmg 
per amplification of the region carrying the mternal 
deletion at 0RF8 . Analysis by PCR ampUf icatxon allowed a 
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band of approximately 1.2 kb in the wild strain and a band of 

approximately 0.6 kb in the mutant CIII68 to be detected in 

an identical fashion to the signal obtained with pBIlA. The 

results shown in Figure 16 confirm that the deletion of 
5 approximately 700 bp detected by the Southern analysis is 

identical to that carried by the plasmid pCIIlA (633 bp) . 

The recombinant strain thus obtained, designated CIII68, 

was then cultivated in order to identify the metabolites 

produced by the strain. 
10 EXAMPLE 7 : fermentation of the CIII68 strain and 

identification of the secondary metabolites produced. 

The culture of the CIII68 strain and the analyses by TLC 

followed by bioautography were carried out according to the 

conditions indicated in Example 4. 
15 The TLC results (Figure 17) show that the CII68 strain 

preferentially accumulates 3-a-mycarosyl erythronolide B as 

well as small quantities of erythronolide B as expected of an 

eryC mutant . 

The eryCIII sequence has a strong homology with other 
20 putative glycosyltransf erases such as DauH (43 % identity at 
the protein level) and DnrS (47 % identity) involved in the 
biosynthesis of daunorubicin in S. peucetius (Often et al . , 
1995) and in Streptomyces sp C5 (Dickens et al., 1996) as 
well as TylM2 (50 % identity) involved in the transfer of 
25 mycaminose onto tylactone in the biosynthesis route of 
tylosine in S. fradiae (Gandecha et al . , 1997). 

These observations indicate that eryCIII gene codes for 
desosaminyltransf erase in the biosynthesis route of 
erythromycin . 

3 0 EXAMPLE 8 : construction of the plasmid pCIlA . 

An integration plasmid, called pCIlA and carrying a 
deletion in the eryBII gene coding for 0RF9, was constructed 
according to the diagram in Figure BA. 

The plasmid pK23 (Figure 5A) was obtained by sub-cloning 
35 in pUC19 of the Kpnl fragment of 10 kb isolated from the DNA 
of the clone A-SE5.5 digested by the Kpnl restriction enzyme. 

Firstly, the shuttle vector pORTl, shown in Figure 8B, 
was obtained by sub-cloning the PstI fragment of 4kb isolated 
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by digestion of the plasmid pIJ486 with the PstI restriction 
enzyme including the thiostrepton resistance gene and the 
Streptomyces replicon, in the PstI site of pUCl9. 

An out-of-phase deletion of 304 bp was introduced into 
5 0RF9 from nucleotide 10881 to nucleotide 11184 of the 

sequence of Figure 2 by sub-cloning the Sacl-Kpnl fragment 
(1.1 kb) of the plasmid pK23 with the EcoRl-Kpnl fragment 
(1.7 kb) of the plasmid p£'co2 obtained in Example 1 in the 
above plasmid pORTl digested beforehand with the Sad and 
10 EcoRl restriction enzymes. The integration plasmid pCII thus 
obtained (Figure 8C) was then transferred into the E. coli 
DHSaMRC strain, then used to transform Sac. erythraea . 
EXAMPLE 9 : construction of a Sac. exytiuraea ex3<:ilA strain 
(CII62) . 

15 A strain in which the eryCII gene carries an internal 

deletion such as that introduced into the plasmid pCIlA 
obtained in Example 8 was prepared by transformation of the 
protoplasts of Sac. erythraea with the plasmid pCIIA. 

The preparation of the protoplasts, the integration 

20 process and the selection of the mutants having the ery~ 
phenotype were carried out as in Example 3. 

In addition, the presence of the expected deletion in 
the chromosome (deletion of 304 bp from nucleotide 10881 to 
nucleotide 11184 of the sequence of Figure 2) was confirmed 

25 by genomic analysis by Southern blot as well as by PGR 
according to the conditions described in Example 3. 

Using Southern hybridization on the genomic DNA digested 
by the EcoRI restriction enzyme, using as probe the 
oligonucleotide C3-S having the above sequence, a band of 2.2 

30 kb from the wild strain and a band of 1.8 kb from the mutant 
CII62 were detected. The results shown in Figure 15 indicate 
the presence in the mutant of a deletion of approximately 400 
bp in this region of the chromosome. 

The PGR amplification was carried out using the 

35 oligonucleotide having the following sequence 

G2-S GGAATTGATGAGCACGACGGATC (SEQ ID No. 34) 

corresponding to the complementary strand of the DNA region 
of the end of the eryAIII gene situated from position 20258 
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to position 20280 of the sequence deposited in the EMBL base 
under the reference X62569 and described by Bevitt et al., 
1992 and the oligonucleotide having the following sequence 
C2-R CGCTCCAGGTGCAATGCCGGGTGCAGGC (SEQ ID No. 35) 

5 corresponding to the sequence situated from position 10558 to 
position 10585 of the sequence of Figure 2 allowing framing 
by PGR amplification of the region carrying the internal 
deletion at 0RF9. Analysis by PGR amplification allowed a 
band of approximately 7 60 bp in the wild strain and a band of 

10 approximately 4 60 bp in the mutant CII62 to be detected in an 
identical fashion to the signal obtained with the plasmid 
pCIlA. The results shown in Figure 16 confirm that the 
deletion of approximately 400 bp detected by the Southern 
analysis is identical to that carried by the plasmid pCIlA 

15 (304 bp) . 

The recombinant strain thus obtained, designated CII62, 
was then cultivated in order to identify the metabolites 
produced by the strain. 

EXAMPLE 10 : fermentation of the CII62 strain and 
20 identification of the secondary metabolites produced. 

The culture of the CII62 strain and the analyses by TLC 
followed by bioautography were carried out according to the 
conditions indicated in Example 4. 

The TLC results (Figure 17) show that the CII62 strain 
25 preferentially accumulates 3-a-mycarosyl erythronolide B as 

well as small quantities of erythronolide B as expected of an 
eryC mutant . 

The eryCII sequence has a strong homology with genes 
involved in the biosynthesis routes for daunosamine (DnrQ, 38 
30 % identity at the protein level, Otten et al., 1995) and 
mycaminose (protein coded by ORFl*, 40 % identity at the 
protein level, Gandecha et al., 1997) which also need to 
transfer a keto group in position 3 from an adjacent carbon. 
These observations indicate that the eryCII gene codes 
35 for dTDP-4-keto-D-6-desoxyhexose 3, 4-isomerase in the 
biosynthesis route of dTDP-desosamine . 

EXAMPLE 11 : cloning and sequencing of the ezryKI-ery^ region 
of the cluster of biosynthesis genes of erythromycin. 



Cosmids containing the eryAI-eryK region of the cluster 
of ery genes such as cosmid Cos6B, were isolated by screening 
a genomic DNA library of Sac. erythraea in the cosmidic 
vector pWElS (Stratagene) using as probe a DNA fragment of 
13.2 kb comprising the totality of the eryAI gene and 
corresponding to the DNA region comprised between the Ncol 
site situated at position 44382 of the sequence of Figure 3 
and the Ncol site situated at position 392 of the X62569 
sequence (Bevitt et al., 1992). The probe was prepared in 
the following fashion: Firstly, the Ncol fragment of 13.2 kb 
was isolated from the plasmid pBK25 described by Bevitt et 
al., 1992 and sub-cloned in the 5mal site of pUC18 after 
filling in the Ncol ends with the Klenow fragment. From the 
plasmid pNC012 thus generated, the fragment of 13.2 kb was 
isolated by digestion with the Ncol restriction enzyme. 

The cosmid cos6B thus obtained was digested by the Ncol 
restriction enzyme and the resulting fragments of 2.8 kb and 
6.1 kb were cloned in the Ncol site of the vector Litmus2 8 
generating respectively the plasmids pNC028 and pNC062 shown 
in Figure 5B . 

The plasmid pNC028 was sequenced by the generation of 
sub-clones using exonuclease III according to the 
instructions given by the supplier for the Erase-a-Base Kit 
(Promega) by digesting with the restriction enzymes Sacl/Xbal 
and Nsil/Bamiil respectively for the reverse direction. The 
sequence was completed using as primers the synthetic 
oligonucleotides having the following sequences 
64 4 GATCACGCTCTTCGAGCGGCAG (SEQ ID No. 36) 

64 5 GAACTCGGTGGAGTCGATGTC (SEQ ID No. 37) and 

650 GTTGTCGATCAAGACCCGCAC (SEQ ID No. 38) 

For the sequencing of plasmid pNC062, templates were 
generated by sonication of the DNA according to Bankier et 
al. (1987) using as primers pUC18 such as vector. The 
sequence was completed using the synthetic oligonucleotides 
having the following sequences: 

64 6 CATCGTCAAGGAGTTCGACGGT (SEQ ID No. 39) 

647 TGCGCAGGTCCATGTTCACCACGTT (SEQ ID No. 40) 

64 8 GCTACGCCCTGGAGAGCCTG (SEQ ID No. 41) 



649 GTCGCGGTCGGAGAGCACGAC (SEQIDNo.42) and 

874 GCCAGCTCGGCGACGTCCATC (SEQ ID No. 43}. 

The Ncol junctions were sequenced using as template the 
DNA of the cosmid cos6B obtained above the regions of which 
covering the Ncol sites were sequenced using the primers 
having the sequences 644 and 64 5 indicated above. 

In addition, a Clal-Ncol fragment of 0.9 kb, containing 
the start of the sequence of the eryAI gene and the 5' part 
of 0RF13, was cloned in pUC18. This fragment was prepared in 
the following fashion: The plasmid pBK6-12 represented in 
Figure 5B was first generated by sub-cloning in the phagmide 
pTZlSR of the Kpnl fragment of 4.5 kb isolated from the 
plasmid PBK25 described by Bevitt et al., 1992. The sub- 
clone pCN9 was then generated by sub-cloning of the Clal-Wcol 
fragment of 0.9 kb isolated from the plasmid pBK6-12 in the 
Smal site of pUC19, after filling in the ends using the 
Klenow fragment. The plasmid pCN9 thus obtained (Figure 5B} 
was sequenced. Templates were generated by sonication of the 
DNA according to Bankier et al. (1987) using pUC18 as vector. 

The sequence was completed using as probe the 
oligonucleotide having the following sequence: 
875 CGACGAGGTCGTGCATCAG ( SEQ ID No . 4 4 } . 

The sequencing of the DNA is carried out by the Sanger 
method (1977) using an automated sequencer on the double 
strand DNA templates with the Applied Biosystem 373 A 
sequencer. The assembling of the sequence data was carried 
out with SAP software (Staden, 1984}. The sequences were 
analyzed using GCG software (Devereux, 1984). 

The nucleotide sequences obtained allowed the nucleotide 
sequence of 8160 bp of Figure 3 (sequence of SEQ ID No. 6) to 
be established in which seven ORFs (13-19) were identified 
respectively from nucleotide 43841 to nucleotide 44806, from 
nucleotide 44809 to nucleotide 46053, from nucleotide 46109 
to nucleotide 46819, from nucleotide 46907 to nucleotide 
48436, from nucleotide 48436 to nucleotide 49638, from 
nucleotide 49679 to nucleotide 51145 and from nucleotide 
51177 to nucleotide 51755 (numbered in Figure 3 from the 
Bamni site situated at the 5' end of the ermE gene) 



(respectively sequence of SEQ ID No. 6 from nucleotide 242 to 
nucleotide 1207, from nucleotide 1210 to nucleotide 2454, 
from nucleotide 2510 to nucleotide 3220, from nucleotide 3308 
to nucleotide 4837, from nucleotide 4837 to nucleotide 6039, 
from nucleotide 6080 to nucleotide 7546 and from nucleotide 
7578 to nucleotide 8156) and corresponding respectively to 
the eryBIV, eryBV, eryCVI, eryBVI , eryCIV, eryCV and eryBVII 
genes, according to Liu and Thorson (1994) the functional 
characterizations of which had not yet been identified. The 
seven ORFs (13-19) are in the same direction, reading being 
carried out from the 5 ' region of the eryAI gene. 

Specimens of E. coli XLl-blue containing the coding 
region of the above ORFs were deposited at the Collection 
Nationale de Cultures de Microorganismes (CNCM) INSTITUT 
PASTEUR, 25, Rue du Docteur Roux 75724 PARIS CEDEX 15 FRANCE, 
on the 16 July 1997: 

- the plasmid pBK6-12 comprising the coding sequence for 
0RF13 and for part of 0RF14 under the number 1-1898 

- the plasmid pNC028 comprising the coding sequence for ORFs 
14 and 15 as well as for part of ORFs 13 and 16 under the 
number 1-1901 and 

- the plasmid pNC062 comprising the coding sequence for ORFs 
17, 18 and 19 as well as for part of 0RF16 under the number 
1-1900 . 

EXflMPLE 12 : construction of the plasmid pBIVA. 

0RF13 being translationally coupled to 0RF14 situated 
downstream, an in-phase deletion had to be introduced. An 
integration plasmid, called pBIVA and carrying this deletion, 
was constructed according to the diagram of Figure 9A. 

The plasmid pPSP4 (Figure 5B) was first constructed by 
sub-cloning of the PvuII-Spel fragment (2.7 kb) isolated from 
the plasmid pBK6-12 obtained in Example 11 and the Spel-PstI 
fragment (1.6 kb) isolated from the plasmid pNC028 obtained 
in Example 11 in the vector pUC19 digested beforehand using 
the Smal and PstI restriction enzymes. 

From the plasmid pPSP4, the plasmid pl9BIVA was 
generated by deleting the Bcll-Ncol fragment of 510 bp 
internal to 0RF13 and by substituting for it 45 bp 
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originating from a synthetic adaptor of 54 bp. This adaptor 
was generated by pairing the 2 complementary oligonucleotides 
having the following sequences 
SEQ A 

5 AATTGATCAAGGTGAACACGGTCATGCGCAGGATCCTCGAGCGGAACTCCATGGGG 
(SEQ ID No. 45) and 
SEQ B 

CCCCATGGAGTTCCGCTCGAGGATCCTGCGCATGACCGTGTTCACCTTGATCAATT 
(SEQ ID No. 46) 

10 creating a Sell site and an iVcoI site framing the sequence of 
45 bp. 

For the pairing, the two oligonucleotides were brought 
to a 1.8 p.M final concentration in the hybridization buffer 
NaCl 50 mM, Tris, HCl 20 mM pH 7.4, MgCls.eHaO 2 mM, heated 

15 for 5 mn at 100 °C then slowly cooled down to ambient 
temperature. After digestion with the Wcol and Ecll 
restriction enzymes, a ligature was carried out in the 
plasmid pPSP4 the BclI-AJcoI fragment of 510 bp of which had 
been eliminated beforehand. From the plasmid pl9BIVA thus 

20 generated, the Sacl-EcoRI fragment (2.2 kb) carrying the 

modified 0RF13 was sub-cloned in the plasmid pUWL218 digested 
beforehand with the Sad and EcoRl restriction enzymes. The 
integration plasmid pBIVA thus obtained (Figure 9B) was then 
transferred into the E. coll DHSaMRC strain, then used to 

25 transform Sac. erythraea . 

EXflMPLE 13 : construction of a Sac. erythraea. eryBTVA strain 
(BIV87) . 

A strain in which the eryCIII gene carries an internal 
deletion such as that introduced into the plasmid pBIVA 

30 obtained in Example 12 was prepared by transformation of the 
protoplasts of Sac. erythraea with the plasmid pBIVA. 

The preparation of the protoplasts, the integration 
process and the selection of the mutants having the ery" 
phenotype were carried out as in Example 3 . 

35 In addition, the presence of the expected deletion in 

the chromosome (deletion of 510 bp from nucleotide 43872 to 
nucleotide 44382 of the sequence of Figure 3) and its 
replacement by the synthetic sequence of 45 bp was confirmed 
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by genomic analysis by Southern blot as well as by PGR 
according to the conditions described in Example 3. 

Using Southern hybridization on the genomic DNA digested 
by the XHol restriction enzyme, using as probe the B4-R 
oligonucleotide having the following sequence 
B4-R AACTCGGTGGAGTCGATGTCGTCGCTGCGGAA (SEQ ID No. 47) 
corresponding to the complementary strand of the DNA region 
situated from position 44687 to position 44718 of the 
sequence of Figure 3, a band of 5.4 kb from the wild strain 
and a band of 2.7 kb from the mutant BIV87 were detected. 
The results shown in Figure 15 indicate the presence of an 
additional Xhol site at a distance of 2.7 kb upstream of the 
Xhol site situated at position 47114 of the sequence of 
Figure 3 thus confirming the incorporation of the adaptor in 
the mutant chromosome, as expected by the incorporation of 
the above synthetic adaptor used to generate the plasmid 
pBIVA. 

The PGR amplification was carried out using the 
oligonucleotide having the following sequence 
B4-S CAATATAGGAAGGATCAAGAGGTTGAC (SEQ ID No. 48) 

corresponding to the DNA region situated from position 43652 
to position 43678 of the sequence of Figure 3 and the 
oligonucleotide B4-R having the sequence indicated above, 
allowing framing by PGR amplification of the region carrying 
the internal deletion at 0RF13. Analysis by PGR amplification 
allowed a band of approximately 1 kb in the wild strain and a 
band of approximately 500 bp in the mutant BIV87 to be 
detected in an identical fashion to the signal obtained with 
the plasmid p BIV87 (Figure 16) . 

The whole of the Southern analysis and PGR results 
confirm the presence of the deletion of 510 bp and of the 
synthetic adaptor at the level of the chromosome of the 
mutant . 

The recombinant strain thus obtained, designated BIV87, 
was then cultivated in order to identify the metabolites 
produced by the strain. 

EXAMPLE 14 : fermentation of the BIV87 strain and 
identification of the secondary metabolites produced. 
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The culture of the BIV87 strain and the analyses by TLC 
were carried out according to the conditions indicated in 
Example 4 . 

The TLC results (Figure 17) show that the BIV87 strain 
5 preferentially accumulates erythronolide B as expected of an 
eryB mutant . 

Minor metabolites with low mobilities showing an 
antibiotic activity were also detected. These metabolites 
were extracted and analyzed by RP-HPLC coupled with mass 
10 spectrometry as described in Example 4. 

The mass spectrum results show that modified forms of 
erythromycin A, B, C and D were produced. A major metabolite 
and 3 minor metabolites were detected. 

The major metabolite M5 produces a parent peak at m/z 
15 702 with dehydration and fragmentation products at m/z 684, 
m/z 560 and m/z 158 and corresponds to the elimination of 2 
hydrogen atoms in erythromycin D (m/z 704, m/z 686) . The 
presence of desosaminyl erythronolide B (fragment m/z at 560) 
indicates that the difference in mass is carried by the 
20 neutral sugar. The proposed structure for this metabolite is 
4"-keto erythromycin D. 

The minor metabolites also produce a profile with a 
difference of 2 in the m/z values respectively: 

- M6 (m/z at 718, m/z 700, m/z 576, m/z 158) instead of m/z 
25 720, m/z 702 for erythromycin C; 

- M7 (m/z at 732, m/z 714, m/z 576, m/z 158) instead of m/z 
734, m/z 716 for erythromycin A; 

- M8 (m/z at 716, m/z 698, m/z 560, m/z 158) instead of m/z 
718, m/z 700 for erythromycin B. 

30 The proposed structures are respectively 4"-keto 

erythromycin C for M6, 4"-keto erythromycin A for M7 and 4"- 
keto erythromycin B for M8 . 

These observations indicate that the eryBIV gene codes 
for dTDP-4-keto-L-6-desoxyhexose 4-reductase in the 
35 biosynthesis route of dTDP-mycarose . 

The BIV87 strain was deposited at the Collection 
Nationale de Cultures de Microorganisraes (CNCM) INSTITUT 
PASTEUR, 25, Rue du Docteur Roux 75724 PARIS CEDEX 15 FRANCE, 
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on the 16 July 1997 under the number 1-1904 
EXAMPLE 15 : construction of the plasmid pBVA . 

An integration plasmid, called pBVA and carrying a 
deletion in the eryBV gene coding for 0RF14, was constructed 
according to the diagram in Figure lOA. 

A deletion of 726 bp was generated in 0RF14 from 
nucleotide 44963 to nucleotide 45688 of the sequence of 
Figure 3 by ligation of the Bcll-Kpnl fragment (1.1 kb) 
isolated from the plasmid pBK6-12, obtained in Example 11, 
with the Kpnl-Bamlil fragment (1.1 kb) isolated from the 
plasmid pNC028, obtained in Example 11, in the plasmid 
PUWL218 digested beforehand by the BamEl restriction enzyme. 
The integration plasmid pBVA thus obtained (Figure lOB) was 
then transferred into the E. coli DHSaMRC strain, then used 
to transform Sac. erythraea. 

EXAMPLE 16 : construction of a Sac. erythraea eryBVA strain 
(BV88) . 

A strain in which the eryBV gene carries an internal 
deletion such as that introduced into the plasmid pBVA 
obtained in Example 15 was prepared by transformation of the 
protoplasts of Sac. erythraea with the plasmid pBVA. 

The preparation of the protoplasts, the integration 
process and the selection of the mutants having the ery' 
phenotype were carried out as in Example 3. 

In addition, the presence of the expected deletion in 
the chromosome (deletion of 726 bp from nucleotide 44963 to 
nucleotide 45688 of the sequence of Figure 3) was confirmed 
by genomic analysis by Southern blot as well as by PGR 
amplification according to the conditions described in 
Example 3 . 

Using Southern hybridization on the genomic DNA digested 
by the Wcol restriction enzyme, using as probe the 
oligonucleotide having the following sequence: 

B5-R TCCGGAGGTGTGCTGTCGGACGGACTTGTCGGTCGGAAA (SEQ ID No. 49) 
corresponding to the complementary strand of the DNA region 
situated from position 46060 to position 46098 of the 
sequence of Figure 3, a band of 2.7 kb from the wild strain 
and a band of 2.0 kb from the mutant BV88 were detected. The 
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results shown in Figure 15 indicate in the mutant the 
presence of a deletion of about 700 bp in this region of the 
chromosome . 

The PGR amplification was carried out using the 
5 oligonucleotide having the following sequence: 

B5-S AGGAGCACTAGTGCGGGTACTGCTGACGTCCTT (SEQ ID No. 50) 
corresponding to the DNA region situated from position 44799 
to position 44831 of the sequence of Figure 3 and the 
oligonucleotide B5-R having the sequence indicated above, 
10 allowing framing by PGR amplification of the region carrying 
the internal deletion at 0RF14 . Analysis by PGR amplification 
has allowed a band of approximately 1.3 kb in the wild strain 
and a band of approximately 570 bp in the mutant BV8 8 to be 
detected in an identical fashion to the signal obtained with 
15 the plasmid pBV88 {Figure 16) . These results confirm that 
the deletion of 710 bp detected by Southern analysis is 
identical to that carried by the plasmid pBVA (72 6 bp) . 

The recombinant strain thus obtained, designated BV88, 
was then cultivated in order to identify the metabolites 
20 produced by the strain. 

EXAMPLE 17 : fermentation of the BV88 strain and 
identification of the secondary metabolites produced. 

The culture of the BV88 strain and the analyses by 
TLC were carried out according to the conditions indicated in 
25 Example 4. 

The TLC results (Figure 17) show that the BV88 strain 
preferentially accumulates erythronolide B as expected of an 
eryB mutant. 

Minor metabolites with low mobilities were also detected 
30 then extracted and identified by RP-HPLC coupled with mass 
spectrometry under the conditions used in Example 4. 

The mass spectrum shows the presence of a metabolite 
having a parent peak at m/z 560 and dehydration and 
fragmentation products at m/z 542 and m/z 158 the proposed 
35 structure for which is desosaminyl erythronolide B. 

The eryBV sequence shows a strong homology with other 
glycosyltransferases as well as with the eryClll gene above 
(60.7 % identity at the nucleotide level, 44 % at the protein 



level) . 

These observations indicate that the eryBV gene codes 
for the mycarosyltransferase involved in the biosynthesis of 
erythomycin . 

EXAMPLE 18 : construction of a plasmid pCViA (pPSTI) . 

An integration plasmid, called pPSTI and carrying a 
deletion in the eryCVI gene coding for 0RF15, was constructed 
according to the diagram in Figure llA in the following 
fashion : 

Firstly, the plasmid pNB49 was generated by treatment 
with the exonuclease III of the plasmid pNC028 obtained in 
Example 11 digested beforehand by the Nsll and BamHl 
restriction enzymes. The plasmid pNB49 (Figure 58) 
containing the nucleotides 44382 to 46562 of the sequence of 
Figure 3, was then digested with the help of the PstI 
restriction enzyme then treated with Mung Bean nuclease (NE 
Biolabs) as described by Sambrook et al. (1989). After 
religation and transformation in E. coli XLl-Blue, the 
ampicillin-resistant colonies were selected by restriction 
analysis with the PstI enzyme. The loss of the PstI site was 
confirmed by sequencing a clone using the reverse M13 primer 

and deletion from nucleotide 4 6364 of the sequence of Figure 
3 was observed creating a phase change in 0RF15 in the 
plasmid pNB49APst thus generated. The plasmid pIJ702 
digested with the Bglll restriction enzyme was then ligated 
with the Bgill site of the plasmid pNB49APst generating the 
plasmid pPSTI. The orientation of pIJ702 in pPSTI was 
confirmed by the presence of a DNA fragment having 0.9 kb 
after digestion with the Sphl restriction enzyme. The 
integration plasmid pPSTI (Figure IIB) thus obtained was 
transferred into the E. coli DHSaMRC strain, then used to 
transform Sac. erythraea. 

EXAMPLE 1 9 : construction of a Sac. erythraea. eryCVXA strain 
(PstlO) . 

A strain in which the eryBV gene carries an internal 
deletion such as that introduced into the plasmid pPSTI 
obtained in Example 18 was prepared by transformation of the 
protoplasts of Sac. erythraea with the plasmid pPSTI. 



45 



The preparation of the protoplasts and the integration 
process were carried out as in Example 3. 

The selection of the mutants having the ery~ phenotype 
was carried out as in Example 3 using a B. subtilis strain 
5 sensitive to erythromycin instead of a B. pumilus strain as 
indicator strain. The B. subtilis strain ATCC 6633 was used 
to evaluate the production of erythromycin in biological 
tests on agar dishes in Ml-102 medium inoculated with the 
mutant to be analyzed and incubated for 3 days at 30 °C. Agar 

10 zones covered with bacteria were then removed with the punch 
then placed on 2 x TY dishes covered with' an overlayer of 
5 ml of agar in TY medium containing 200 |j,l of a culture of 
B. subtilis ATCC 6633, then incubated overnight at 37 °C. 
The absence of production of erythromycin was also 

15 evaluated in the presence of added precursors such as 
erythronolide B or 3-a-mycarosyl erythronolide B by 
application of 10 jul of a 10 mM solution of each metabolite 
on the cut out agar zones followed by incubation at 30 °C 
overnight before re-covering the dishes with the culture of 

20 B. subtilis as indicated above. The Sac. erythraea "red 
variant" wild strain was used as a control. 

After transformation of the protoplasts with the plasmid 
pPSTI and selection of the thiostrepton-resistant colonies, 
integration in the chromosome was confirmed by Southern 

25 analysis according to the general methods described in 
Example 3 . 

A DNA fragment of 1269 bp corresponding to 0RF14 
generated by PGR using the synthetic oligonucleotides having 
the following sequences: 
30 14-1 GGGGGATCCCATATGCGGGTACTGCTGACGTCCTTCG (SEQ ID No. 51) 
and 

14-2 GAAAAGATCTGCCGGCGTGGCGGCGCGTGAGTTCCTC (SEQ ID No. 52) 
was used as probe. 

The 14-1 oligonucleotide was designed to introduce a 
35 BamHI site and a Ndel site upstream of the sequence 

corresponding to the DNA region situated from position 44811 
to position 44833 of the sequence of Figure 3. 

The 14-2 oligonucleotide was designed to introduce a 



46 



Bglll site downstream of the sequence corresponding to the 
complementary strand of the DNA region situated from position 
46027 to position 46053 of the sequence of Figure 3. The 
chromosomal DNA digested beforehand with the Clal and PstI 
5 restriction enzymes showed the expected bands of 4 kb and 7 
kb from the integrant while the wild strain presented the 
expected band of 3 kb. 

After repeated cultures of the integrants, the 
individualized colonies obtained were analyzed for 

10 sensitivity to thiostrepton and production of erythromycin, 

then the integration of the expected deletion (deletion from 
nucleotide 46364 of the sequence of Figure 3) into the 
chromosome of a mutant clone having the ery' phenotype (PstlO) 
was confirmed by Southern analysis. The chromosomal DNA, 

15 isolated from the wild strain and the PstlO mutant 

respectively, was digested with the PstI restriction enzyme. 
Hybridization with the Pstl-Afcol probe of O.Skb (nucleotides 
46368 to 47142 of the sequence of Figure 3) produced the 
expected profile with a PstI band of Ikb corresponding to 

20 nucleotides 46368 to 47397 of the sequence of Figure 3 from 
the wild strain and with a band of >20 kb from the mutant. 
The loss of the PstI site at position 46368 above was also 
shown after double digestion by the PstI and Ncol enzymes, 
resulting in a PstI-i\7coI band of 0.8 kb (nucleotide 46368 to 

25 47142) from the wild strain and a Ncol band of 2.8 kb 
(nucleotide 44382 to 47142) with the mutant. 

The recombinant strain thus obtained, designated PstlO, 
was then cultivated in order to identify the metabolites 
produced. 

30 EXMffiLE_20: fermentation of the PstlO strain and 

identification of the secondary metabolites produced. 

The PstlO strain was cultivated in the sucrose-succinate 
medium described by Caffrey et al . (1992) for 3 days at 30°C. 
The culture supernatant was then extracted at pH 9 with 
35 ethyl acetate. The organic phases obtained were dried over 
Mg2S04 then brought to dryness under reduced pressure. The 
residue was dissolved in the acetonitrile-water mixture (1:1, 
v/v) , then analyzed by mass spectrometry on a BioQ 
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(Micromass, Manchester, UK) or Finningan LCQ (Finningag, CA) 
spectrometer . 

The production of erythomycin A (m/z 734 and m/ z 716) 
was not observed but the presence of erythronolide B {MK+: 
m/z 441 and MNa+: m/z 425) as well as of 3-a-mycarosyl 
erythronolide B (MK+: m/z 585 and MNa+: m/z 569) demonstrated 
characterizes the PstlO strain as an eryC mutant. 

The eryCVI sequence has a strong homology with other 
methyltransf erases such as SnoX involved in the biosynthesis 
of nogalamycin in S. nogalater (accession number EMBL S52403) 
(55.5 % identity at the protein level), TylMl involved in the 
biosynthesis of tylosine in S. fradiae (accession number EMBL 
X81885) (65 % identity at the protein level) and SrmX 
involved in the biosynthesis of spiramycin in S. ambofaciens 
(accession number EMBL S25204) (52.8 % identity at the 
protein level) . 

These observations indicate that the eryCVI gene codes 
for the dTDP-D-6-desoxyhexose 3-N-methyltransf erase involved 
in the biosynthesis route of dTDP-D-desosamine . 
EXAMPLE 21 : construction of a plasmid pBViA (pXhoI) . 

An integration plasmid, called pXhoI and carrying a 
deletion in the eryBVI gene coding for 0RF16, was constructed 
according to the diagram in Figure 12A in the following 
fashion : 

The Ncol-Xhol fragment (3.1 kb) of the plasmid pNC062 
obtained in Example 11 and containing the nucleotides 47142 
to 50254 of the sequence of Figure 3 was sub-cloned in the 
A^col and Xhol sites of the plasmid Litmus 28. The plasmid 
pNC062X (Figure 5B) thus generated was digested with the PstI 
restriction enzyme then treated with DNA polymerase T4 
(Boehringer Mannheim) . After religation and transformation 
in E. coli XLl-Blue, the loss of the PstI site at nucleotide 
47397 of the sequence of Figure 3 was confirmed by sequencing 
and a deletion of 60 bp from nucleotide 47337 to nucleotide 
47397 of the sequence of Figure 3 were observed. The plasmid 
pIJ702 digested with the Bgill restriction enzyme was then 
ligated to the Bglll site of this construction. The 
orientation of pIJ702 in the construction was confirmed by 
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the presence of a DNA fragment having 4.3 kb after digestion 
with the Xhol restriction enzyme. The integration plasmid 
pXhoI (Figure 12B) thus obtained was used to transform Sac. 
erythraea . 

EXAMPT.-R 22 : construction of a Sac. erythraea strain erj^VlA 
(Xho91) . 

A strain in which the eryBVI gene carries an internal 
deletion such as that introduced into the plasmid pXhoI 
obtained in Example 21 was prepared by transformation of the 
protoplasts of Sac. erythraea with the plasmid pXhoI. 

The preparation of the protoplasts and the integration 
process were carried out as in Example 3. 

The selection and the analysis of the mutants having the 
ery" phenotype was carried out according to the conditions 
described in Example 19. 

The integration into the chromosome and the presence of 
the expected deletion were confirmed by Southern analysis 
according to the general methods described in Example 19. 

After transformation of the protoplasts with the plasmid 
pXhoI and selection of the thiostrepton resistant colonies, 
integration into the chromosome was confirmed by Southern 
analysis. Using the PstI fragment of 3.3 kb of the plasmid 
pNC062 as probe, the chromosomal DNA of an integrant digested 
beforehand with the PstI and Bglll restriction enzymes showed 
the expected 3 kb and 6 kb bands . 

After repeated cultures of the integrants, the 
individualized colonies obtained were analyzed for 
sensitivity to thiostrepton and production of erythromycin, 
then the integration of the expected deletion (deletion of 60 
bp from nucleotide 47338 to nucleotide 47397 of the sequence 
of Figure 3) into the chromosome of a mutant clone having the 
ery" phenotype (Xhol) was confirmed by Southern analysis. The 
chromosomal DNA, isolated from the wild strain and the mutant 
Xhol respectively, was digested with the PstI restriction 
enzyme. Hybridization with the Pstl-Ncol probe of 0.8 kb 
(nucleotides 46368 to 47142 of the sequence of Figure 3) 
produced the expected profile with a PstI band of 1 kb 
corresponding to nucleotides 46368 to 47397 of the sequence 
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of Figure 3 from the wild strain and with a band of 4 kb from 
the mutant indicating that the Pstl site at position 47397 
above was lost. 

The loss of the Pstl site at position 47397 was also 
5 confirmed by PGR. The chromosomal DNA was subjected to an 
amplification by PGR using the primers corresponding 
respectively to the sequence from nucleotide 47300 to 
nucleotide 57320 and to the sequence from nucleotide 47661 to 
nucleotide 47 636 of the sequence of Figure 3. An expected 

10 fragment of 306 bp was thus amplified from the wild strain 
generating after digestion with the Pstl restriction enzyme 
two bands of approximately 100 and 300 bp. From the mutant 
Xho91, a fragment of 300 bp was amplified, resulting from the 
deletion of 60 bp. This fragment was then isolated and was 

15 found to be resistant to digestion by the Pstl enzyme. 

The recombinant strain thus obtained and designated 
Xho91, was then cultured in order to identify the metabolites 
produced. 

EXZ^MPLE 23 : fermentation of the Xho91 strain and 
20 identification of the secondary metabolites produced. 

The culture of the Xho91strain and the analysis of the 
culture supernatant by mass spectrometry were carried out 
according to the conditions described in Example 20. 

The production of erythomycin A (ra/z 734 and m/z 716) 
25 was not observed but the presence of a majority quantity of 
erythronolide B (MK"^= m/z 441; MNa"^' m/z 425; M-H2O H"": m/z 
385) as well as the presence of desosaminyl erythronolide B 
(m/z 560) demonstrated characterize the PstlO strain as an 
eryB mutant . 

30 The mass spectrometry results were confirmed by high 

resolution mass spectrometry on a Brucker FT-ICR spectrometer 
(Brucker, FRG) . 

The eryBVI sequence has a strong homology with DnmT 
involved in the biosynthesis of daunorubicin in S. peucetius 
35 (accession number EMBL U77891) (43.9 % identity at the 
protein level) . 

These observations indicate that the eryBVI gene codes 
for the dTDP-4-keto-L-6-desoxyhexose 2 , 3-deshydrat ase 
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involved in the biosynthesis of dTDP-mycarose, as suggested 
by Scotti and Hutchinson, 1996. 

EXAMPLE 24 : construction of the plasmid pCIVA. 

An integration plasmid, called pCIVA and carrying a 
deletion in the eryCIV gene coding for 0RF17, was constructed 
according to the diagram in Figure 13A in the following 
fashion: 

The plasmid pNC062 obtained in Example 11 was digested 
using the Ball and Bell restriction enzymes so as to 
eliminate a fragment having 949 bp inside 0RF17 from 
nucleotide 48650 to nucleotide 49598 of the seguence of 
Figure 3. After filling in the ends using the Klenow 
fragment of DNA polymerase I, the plasmid was religated and 
transformed in E. coli XLl-blue. From the plasmid pBCBl7 
thus generated, the fragment of 2.68 kb carrying the deletion 
was isolated by digestion using the Xbal and Sphl enzymes, 
then sub-cloned in the sites corresponding to the plasmid 
pUWL218. The presence of the deletion of 949 bp from 
nucleotide 48650 to nucleotide 49598 of the sequence of 
Figure 3 was confirmed by sequencing. The integration 
plasmid pCIVA thus obtained (Figure 13B) was then transferred 
into the E. coli DHSaMRC strain, then used to transform Sac. 
erythraea . 

EXl^MPLE 25 : construction of a Sac. erythraea strain eryCIVA 
{CIV89) . 

A strain in which the eryCIV gene carries an internal 
deletion such as that introduced into the plasmid pCIVA 
obtained in Example 24 was prepared by transformation of the 
protoplasts of Sac. erythraea with the plasmid pCIVA. 

The preparation of the protoplasts, the integration 
process and the selection of the mutants having the ery' 
phenotype were carried out as in Example 3. 

In addition, the presence of the expected deletion in 
the chromosome (deletion of 949 bp from nucleotide 48650 to 
nucleotide 49598 of the sequence of Figure 3) was confirmed 
by genomic analysis by Southern blot as well as by PGR 
according to the conditions described in Example 3. 

Using Southern hybridization on the genomic DNA digested 



by the Ncol restriction enzyme, using as probe the 
oligonucleotide having the following sequence 
C4-R AGCGGCTTGATCGTGTTGGACCAGTAC (SEQIDNo.53) 
corresponding to the complementary strand of the DNA region 
situated from position 49996 to position 50022 of the 
sequence of Figure 3, a band of 6.2 kb from the wild strarn 
and a band of 5.2 kb from the mutant CIV8 9 were detected. 
The results shown in Figure 15 indicate the presence rn the 
mutant of a deletion of approximately 1 kb in this region of 
the chromosome. 

The PGR amplification was carried out using the 
oligonucleotide having the following sequence: 
C4-S GGCCTATGTGGACTACGTGTTGAACGT (SEQ ID No. 54) 

corresponding to the DNA region situated from position 48169 
to position 48195 of the sequence of Figure 3 and the C4-R 
oligonucleotide having the sequence indicated above, allowxng 
framing by PGR amplification of the region carrying the 
internal deletion at 0RF17 . Analysis by PGR amplif icatxon 
allowed a band of 1.8 kb in the wild strain and a band of 900 
bp in the mutant CIVS 9 to be detected in an identical fashron 
to the signal obtained with the plasmid pCIVA. The results 
shown in Figure 16 confirm that the deletion of approximately 
900 bp detected by Southern analysis is identical to that 
carried by the plasmid pCIVA (949 bp) . 
i The recombinant strain thus obtained, designated CIVS 9, 

was then cultivated in order to identify the metabolites 
produced by the strain. 

EXAMPLE 26 : fermentation of the CIV89 strain and 
identification of the secondary metabolites produced. 

0 The culture of the CIV89 strain and the analyses by TLC 

were carried out according to the conditions indicated in 
Example 4 . 

The TLC results (Figure 17) show that the CIV89 strarn 
preferentially accumulates 3-a-mycarosyl erythronolide B as 
5 well as erythronolide B as expected of an eryC mutant. 

Minor metabolites with low mobilities were also 
detected, then extracted and analyzed by RP-HPLC coupled wrth 
mass spectrometry according to the conditions used in Example 
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4 . 

A minor metabolite produces a parent peak at m/z 720 and 
dehydration and fragmentation products at m/z 702, m/z 576 
and m/z 174. Peak 174 may correspond to 4-hydroxydesosamine 
5 and peak 57 6 to 4 ' -hydroxydesosaminyl erythronolide B. 

These results suggest that the difference in m/z of 16 
compared with erythromycin D (parent peak m/z 704) is carried 
by the aminated sugar. The proposed structure for this 
metabolite is 4 ' -hydroxy erythromycin D. 
10 These observations indicate that the enzyme is involved 

in the withdrawal of the hydroxyl group in the biosynthesis 
route of erythromycin and that the eryCIV gene codes for 
dTDP-6-desoxyhexose 3, 4-deshydratase . 

The CIV89 strain was deposited at the Collection 
15 Nationale de Cultures de Microorganismes (CNCM) INSTITUT 

PASTEUR, 25, Rue du Docteur Roux 75724 PARIS CEDEX 15 FRANCE, 
on the 16 July 1997 under the number 1-1905. 
EXAMPLE 27 : construction of the plasmid pCVA . 

An integration plasmid, called pCVA and carrying a 
20 deletion in the eryCV gene coding for 0RF18, was constructed 
according to the diagram in Figure 14A in the following 
fashion : 

The Ball-BajiiHI fragment (3.48 kb) , obtained from the 
plasmid pNC062 prepared in Example 11 by digestion with the 

25 Ball and BamEl restriction enzymes, was sub-cloned in the 
Smal-BamHl sites of the vector pUC19. From the resulting 
plasmid pBABlS (Figure 5B) , the Seal internal fragment (Ikb) 
was then deleted by digestion with the Seal enzyme in order 
to generate a deletion of 1044 bp from nucleotide 49998 to 

30 nucleotide 51041 of the sequence of Figure 3 in 0RF18. From 
the plasmid pBABACV thus obtained, the fragment carrying the 
deletion was then reisolated from the polylinker of pUC19 by 
digestion with the Hindlll and EcoRI restriction enzymes, 
then sub-cloned in the plasmid pUWL218. The integration 

35 plasmid pCVA thus obtained (Figure 14B) was transferred into 
the E. coli DHSaMRC strain, then used to transform Sac. 
erythraea . 

EXAMPT.E 28 : construction of a Sac. erythraea strain ezyCVA 
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(CV90) . 

A strain in which the eryCV gene carries an internal 
deletion such as that introduced into the plasmid pCVA 
obtained in Example 27 was prepared by transformation of the 
5 protoplasts of Sac. erythraea with the plasmid pCVA. 

The preparation of the protoplasts, the integration 
process and the selection of the mutants having the ery' 
phenotype were carried out as in Example 3. 

In addition, the presence of the expected deletion in 

10 the chromosome (deletion of 1044 bp from nucleotide 49998 to 
nucleotide 51041) was confirmed by genomic analysis by 
Southern blot as well as by PGR according to the conditions 
described in Example 3. 

Using Southern hybridization on the genomic DNA digested 

15 by the Wcol restriction enzyme, using as probe the 
oligonucleotide having the following sequence: 
C5-R AACGCCTCGTCCTGCAGCGGAGACACGAACA (SEQ ID No. 55) 

corresponding to the complementary strand of the DNA region 
DNA situated from position 51229 to position 51259 of the 

20 sequence of Figure 3, a band of 6.2 kb from the wild strain 

and a band of 5.1 kb from the mutant CV90 were detected. The 
results shown in Figure 15 indicate in the mutant the 
presence of a deletion of approximately 1.1 kb in this region 
of the chromosome. 

25 The PGR amplification was carried out using the 

oligonucleotide having the following sequence: 
C5-S TTCGCTCCCCGATGAACACAACTCGTA (SEQ ID No. 56) 

corresponding to the DNA region situated from position 49668 
to position 49694 of the sequence of Figure 3 and the C5-R 

30 oligonucleotide having the sequence indicated above, allowing 
framing by PGR amplification of the region carrying the 
internal deletion at 0RF18 . Analysis by PGR amplification 
allowed a band of approximately 1.6 kb in the wild strain and 
a band of approximately 500 bp in the mutant CV90 to be 

35 detected in an identical fashion to the signal obtained with 
the plasmid pCVA. The results shown in Figure 16 confirm 
that the deletion of approximately 1.1 kb detected by the 
Southern analysis is identical to that carried by the plasmid 
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PCVA (1044 bp) . 

The recombinant strain thus obtained, designated CV90, 
was then cultured in order to identify the metabolites 
produced by the strain. 

EXAMPLE 29 : fermentation of the CV90 strain and 
identification of the secondary metabolites produced. 

The culture of the strain CV90 and the analyses by TLC 
were carried out according to the conditions indicated in 
Example 4 . 

The TLC results (Figure 17) show that the CV90 strain 
preferentially accumulates 3-a-mycarosyl erythronolide B as 
well as erythronolide B as expected of an eryC mutant. 

The sequence of residues 38-50 ( VTGAGDGDADVQA) 
Val Thr Gly Ala Gly Asp Gly Asp Ala Asp Val Gin Ala 
15 (SEQ ID No. 51) 

of the protein coded by eryCV (sequence of SEQ ID No. 11) is 
close to the consensus sequence binding to NAD+ described by 
Wierenga et al., 1985 and by Scrutton et al . , 1990. 

These observations indicate that the eryCV gene codes 
for a reductase which would participate as a dTDP-4,6- 
desoxyhexose 3 , 4-reductase in the biosynthesis route of d- 
TDP-desosamine . 

EXAMPLE 30 : overexpression of the product of the eryCIII gene 
in E. coll. 

25 The heterologous expression of the product of the 

eryCIII gene of Sac. erythraea corresponding to 0RF8 
described in Example 1 and coding for the 

desosaminyltransferase activity identified in Example 7 was 
carried out using E. coli as host strain. The protein thus 
produced in the form of an inclusion body was then purified 
and its enzymatic activity determined in vitro. 
1) Expression of the EryCIII protein in E. coli 

The expression was carried out using the vector pETlla 
(Stratagene) for the cloning and the expression of 
35 recombinant proteins in E. coli under the control of the 
promoter of the RNA polymerase of bacteriophage T7 . 

Firstly, the eryCIII gene was amplified from the plasmid 
pK62 described in Example 1 in the following fashion: 
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The PGR amplification was carried out using Native Pfu 
polymerase (Stratagene) and as primers the A oligonucleotide 
homologous with the coding strand of the eryCIII gene having 
the sequence 

A GAAGGAGATATACATATGCGCGTCGTCTTCTCCTC (SEQ ID No. 57) 

allowing the introduction of an Ndel site upstream of the 
initiator ATG of eryCIII and the B oligonucleotide homologous 
with the complementary strand of the eryCIII gene having the 
sequence 

B CGGGATCCTCATCGTGGTTCTCTCCTTCCTGC (SEQ ID No. 58) 

allowing the introduction of a BamRl site downstream of the 
stop codon of the eryCIII gene. 

The amplified DNA was then digested by the Ndel and 
Bamm restriction enzymes, then the Ndel-BamHl fragment of 
1 2 kb obtained containing the totality of the eryCIII gene 
was ligated in the expression vector pETlla (Stratagene) 
which contains the ampicillin-resistant p-lactamase gene, the 
replication origin ColEl and the promoter of the gene of RNA 
polymerase T7 situated upstream of the cloning site AJdel, 
digested beforehand with the Ndel and BamRl restriction 
enzymes. After ligation and transformation in E. coli XLl- 
blue, the plasmid pCEIII thus obtained was confirmed by 
restriction map and sequencing. 

The E. coli BL21 strain (DE3) of the pET kit 
(Stratagene) which contains in its chromosomal DNA the lacl^^ 
gene and the lacUVS promoter upstream of the gene of RNA 
polymerase T7, was then transformed by the plasmid pECIII.5. 

The transformed strain obtained, called BL21/pECIII, was 
cultured in a 50 ml erlenmeyer flask at 37 'C in LB medium 
seeded at ODsoo=0 . 1 from a preculture, then induced by ^ 
isopropyl-p-D-thiogalactopyranoside (IPTG) ImM at ODeoo-l- 
After 3 hours 30 minutes of induction, 1 ml of culture was 
removed and centrifuged, then the bacterial pellet obtained 
was dissolved in 240 pi of water and 120 pi of SDS 3X sample 
buffer (Tris-HCl IM pH = 6.8: 1.9 ml; glycerol 3 ml; p- 
mercaptoethanol 1.5 ml; SDS 20 % , 3 ml; bromophenol blue 1 % 
pH = 7: 0.3 ml; H^O sqf 10 ml) . From 15 pi of the solution^ 
obtained, the total proteins extracted were analyzed by SDS- 
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PAGE on a gel with 10 % polyacrylamide with a Comassie blue 
staining . 

The overexpression of a protein having an apparent 
molecular weight of approximately 4 6 Kd corresponding to MW 
5 expected for the EryCIII protein was observed compared with 
the total proteins of a control strain transformed by the 
plasmid pETlla. 

2) Purification of the EryCIII protein 

The transformed BL21/pECIII strain above was cultured in 
10 a 6 litre fermenter in minimum medium containing glycerol as 
the carbon source (Korz et al., 1995) at 25°C until OD6oo=12, 
then induced by IPTG for 18 hours until OD6oo=54. From the 
collected broth, the bacterial pellet containing inclusion 
bodies was isolated by centrif ugation at 5000 g for 30 mn . 
15 Induction of the EryCIII protein was checked by SDS-PAGE 

(polyacrylamide gradient: 10 to 20 %) and with a Comassie 
blue staining after lysis on an aliquot in the 1 % SDS 
buffer, at 100°C for 5 min, either directly on the collected 
broth, or on the bacterial pellet after a first lysis by 
20 sonication in a phosphate buffer. 

190 g of bacterial pellet corresponding to 1 litre of 
collected broth were resuspended in 2.5 volumes of 
KH2PO4/K2HPO4 20 mM pH 7.2 buffer containing EDTA 2 . 5 mM and 
DTT 2.5 mM. The cells were then lysed using a Rannie 
25 apparatus (Mini-Lab, type 8-30H, APV Homogenisers As, 

Denmark) with three passes under a pressure of 1000 bar. 
After centrifugation at 46.000 g for 3 hours, the pellet 
obtained was suspended in 2 . 5 volumes of 2M urea then 
centrifuged under the same conditions. 
30 The pellet thus washed was then suspended in 2 . 5 volumes 

of a solution of 7M urea in a tris 50 mM pH 7.5 buffer 
(buffer A) so as to solubilize the EryCIII protein. After 
centrifugation under the same conditions, the collected 
supernatant obtained contains 2.1 g of total proteins 
35 determined by the Bradford method using a commercial kit 
(Pierce) . 

The extract in the 7M urea was then loaded at a rate of 
0.5 metres/h and at 4-8 °C on a 180 ml column (5 cm x 9 cm) of 
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Q sepharose (Pharmacia) equilibrated beforehand with the 
buffer A above and with detection at 280 nm. The EryCIII 
protein was then eluted with buffer A containing 0 . 3M NaCl . 
The combined fractions, containing the EryCIII protein, 
5 demonstrated by SDS-PAGE (polyacrylamide gradient: 10 to 20 
%) revealed by staining with Comassie blue and 835 mg of 
total proteins were then loaded onto a 5.5 litre column (10 
cm X 70 cm) of Superdex 200 Prep grade (Pharmacia) 
equilibrated beforehand with buffer A above. By elution of 

10 the column with buffer A and by detection at 280 nm, a 

protein peak was obtained the fractions of which containing 
the EryCIII protein demonstrated by SDS-PAGE and 200 mg of 
total proteins were combined then purified on a 180 ml column 
(5 cm X 9 cm) of Q Source (Pharmacia) equilibrated beforehand 

15 with buffer A. By elution with a linear gradient of NaCl 
varying from 0 to 0 . 3 M in buffer A, 30 ml of solution 
containing 100 mg of denatured EryCIII protein of homogeneous 
purity evaluated by SDS-PAGE, with revelation with silver 
nitrate, were obtained. 

20 Figure 18 shows the pattern of the purity of the EryCIII 

protein monitored by SDS-PAGE (polyacrylamide gradient: 10 to 
15 %) for a deposit of 500 ng of total proteins and 
revelation with silver nitrate successively after extraction 
with 7M urea (line 2), Q sepharose chromatography (line 3), 

25 Superdex chromatography (line 4), Q source chromatography 
(line 6) relative to the molecular weight markers (lines 1 
and 5) . 

The EryCIII protein was then renatured by dilution of 
the homogeneous eluate with a solution of buffer A containing 

30 DTT 10 mM in order to obtain a final protein concentration of 
0.1 mg/ml. The diluted solution was then dialyzed against 
Tris buffer 50 mM; NaCl 0.15 M; 0.3 % n-octyl-|3-D- 
glucopyranosyl (NOG); DTT 10 mM, pH 8.3 then concentrated to 
4 mg/ml by ultrafiltration on a PLGC04310 membrane 

35 (Millipore) having a cut-off threshold of 10.000. 

The purified EryCIII protein was then stored in a frozen 
state at -20°C in aliquots of 500 yl. 
3) Characterization of the EryCIII protein 
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The characterization of the EryCIII protein thus 
obtained was examined for the following properties: 

a) Homogeneity. 

Electrophoresis by SDS-PAGE (polyacrylamide gradient: 10 
to 15 %) using the Phast System apparatus (Pharmacia) and 
revelation with silver nitrate shows a purity greater than 99 
% for a deposit of 2000 ng . 

b) Molecular weight by electrophoresis and mass spectrometry. 

Using electrophoresis, an apparent MW of 4 5 kDa was 
determined in agreement with the calculated MW of 45929. 

The analysis by RP-HPLC coupled with mass spectrometry 
(HPLC: ESI-SM) produces a mass of 45934 uma . 

c) N-terminal amino acid sequence 

The N-terminal sequence was determined by 
microsequencing on a Model A492 protein microsequencer 
coupled with an HPLC analyser of PTH-amino acids (Applied 
Biosystems) . 

No secondary sequence was revealed for the 10 first residues 
which is in agreement with the amino acid sequence ■ described 
in Figure 2 (sequence of SEQ ID No. 5). 

d) Biological activity 

The desosaminyl transferase activity of the EryCIII 
protein was determined in vitro by demonstration of the 
formation of erythromycin D from dTDP-D-desosamine , the 
preparation of which is described hereafter and of 3-a- 
mycarosyl erythronolide B (MEB) the preparation of which is 
described above in Materials and General Methods. 

The reaction medium contains 150 nmoles of dTDP-D- 
desosamine, 137.4 nmoles of MEB and 1 mg of EryCIII protein 
using the following operating conditions: 

4.78 ml of Tris buffer 50 mM pH 7 . 3 (buffer B) ; 20 pi of 
dTDP-D-desosamine, triethylamine salt (150 nmoles) in 
solution in buffer B containing EDTA 1 mM and PEFABLOC O, 4 
mM (Merck); 100 \il of MEB (137.4 nmoles) in solution in 
buffer B and 1 mg of EryCIII protein corresponding to 250 \il 
of an aliquot of frozen solution obtained above are 
successively introduced into a glass tube provided with a 
screw top. 
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After homogenisation by Vortex, the stoppered tube is 
placed for 5 hours in a thermostatically-controlled bath at 
30°C, then the pH is adjusted to 9-10 with 32 % NaOH then the 
reaction mixture is extracted 3 times with 5 ml of ethyl 
5 acetate. The extract obtained, brought to dryness under 
reduced pressure, then taken up in 100 ^1 of methylene 
chloride, is then analyzed by TLC under the conditions 
indicated in Example 4 using a methylene chloride /methanol 
mixture (90: 10,v/v) as eluent. 
10 A control test (t = 0) the incubation of which is 

stopped immediately by the addition of NaOH, is carried out 
under the same conditions. 

The results obtained by chemical revelation show the 
appearance of a less mobile product having an Rf close to the 
15 expected erythromycin D and for which a weak antibiotic 

activity is detected by direct autobiograra of the plates on 
B. pumilus. No biological activity is observed for the 
control test (Figure 19) . 

These results confirm that the EryCIII protein produced 
20 in E. coll and purified above has the expected desoaminyl 
transferase activity and was correctly renatured. 
EXAMPLE 31 : use of the sequence of the eryCIII gene as probe 
to isolate the oleGl and oleG2 genes coding for 
glycosyl transferases in S. antibioticus . 
25 1) cloning of the oleGl and o2eG2 genes 

The sequence of the eryCIII gene of Sac. erythraea 
corresponding to 0RF8 described in Example 1 coding for the 
desosaminyltransferase activity was used to prepare a 
hybridization probe and allowed the isolation of the 
30 homologous genes in the S. antibioticus ATCC 11891 strain 
producing oleandomycin by Southern hybridization. 

The whole of the eryCIII gene was amplified by PCR from 
6 ng of the plasmid pK62 obtained in Example 1 following the 
operating conditions described in Example 3 using native pfu 
polymerase (Stratagene) and, as primers the oligonucleotide 
having the following sequence: 

eryCIII-1 CGGGTACCATGCGCGTCGTCTTCTCCTCCATG (SEQ ID No. 59) 
comprising a Kpnl restriction site in its 5' region and the 



60 

3' part of which corresponds to the complementary strand of 
the DNA region situated from position 10196 to position 10219 
of the sequence of Figure 2 and the eryCIIl2 oligonucleotide 
having the following sequence: 

eryCIII-2 CGGGTACCTCATCGTGGTTCTCTCCTTCC (SEQ ID No. 60) 
comprising a Kpnl site in its 5' region and the 3' part of 
which corresponds to the DNA region situated from position 
8954 to position 8974 of the sequence of Figure 2. 

The band of approximately 1 . 2 kb obtained by 
amplification was then digested by the Kpnl restriction 
enzyme and cloned in the plasmid pUC19 digested beforehand by 
the Kpnl enzyme. The plasmid pCIIIPCRl thus obtained was 
then used to reisolate the Kpnl fragment of 1.2 kb 
corresponding to all of the eryCIII gene shown in Figure 2. 
The fragment thus isolated was then labelled with ^^P using 
the "random priming" technique described by Sambrook et al., 
1989 and used as an eryCIII probe to analyze by Southern 
hybridization cosmid clones obtained from a genomic DNA 
library of S. antibioticus ATCC 11891 and prepared in the 
following fashion (Figure 20) : 

A series of six cosmids (cosAB35, cosAB76, cosABBV, 
COSAB67, COSAB63 and cosAB61) overlapping and covering 
approximately 100 kb of the region corresponding to the 
cluster of oleandomycin biosynthesis genes was isolated by 
following the method described by Swan et al., 1994 and using 
as probes the Smal internal fragment of 2 kb at the third 
sub-unit of the polyketide synthase of Sac. erythraea in the 
cluster of biosynthesis genes of erythromycin (Cortes et al., 
1990) followed by chromosome walking. The strD, strE and 
strM probes coding respectively for dTDP-glucose synthase, 
dTDP-glucose 4 , 6-deshydratase and dTDP-6-desoxyglucose 3,5- 
epimerase of S. griseus (Stockmann and Piepersberg, 1992) 
hybrize with the cosABGl and cosAB63 cosmids (Fig. 20) . In a 
similar fashion, by Southern hybridization with the eryCIII 
probe prepared above carried out under the standard 
conditions described by Hopwood et al . , 1985, the cosAB35 
cosmid (Swan et al . , 1994) produces positive signals in two 
BamUl restriction fragments of 3.5kb and 2.7 kb represented 



in Figure 20. Subsequent sub-cloning and sequencing shows 
that these two fragments are separated by a Ba^HI fragment of 
0.6 kb which is not detected by hybridization. 

An SstI fragment of 10.8 kb of genomic DNA of S. 
antibioticus ATCC 11891 represented in Figure 21, 
corresponding to the right part of the cluster of 
oleandomycin biosynthesis genes comprised between the SstI 
site in position 11081 of the 0LE-ORF3 gene of the PKSs of 
the EMBL NO.L09654 sequence) and the SstI site in position 5 
of the EMBL NO.L36601 sequence situated 1 . 4 kb upstream of 
the oleB gene and hybridizing with the eryCIII probe prepared 
above, was starting isolated from the cosAB35 cosmid and sub- 
cloned in the plasmid vector pSLllSO (Pharmacia Biotech) . 
The PC035-S clone thus obtained was used to generate single- 
stranded templates by sub-cloning different DNA fragments in 
the M13mpl8 and MPl3mpl9 bacteriophages (New England 
Biolabs), then the nucleotide sequence of these fragments was 
determined according to the method of Sanger et al. (1977) 
using a modified T7 polymerase (Sequenase version 2.0; U.S. 
Biochemicals) in the presence of a[==S]dCTP (Amersham) and 7- 
deaza-dGTP, according to the supplier's recommendations in 
order to limit band compression problems. The standard 
primers supplied with the Sequenase kit as well as the 
internal synthetic primers (17mer) were used. 

Assembly of the sequence data was carried out using the 
Fragment Assembly program (Genetic Computer Group, University 
of Wisconsin) and identification of the open reading frames 
using the CODONPREFERENCE program (Devereux et al . , 1984). 

The nucleotide sequences obtained allowed the nucleotide 
sequence of 6093 bp represented in Figure 22 (sequence of SEQ 
ID No. 15) to be established, comprised between the SphI* and 
Kpnl sites shown in Figure 21, in which five ORFs were 
identified from nucleotide 184 to nucleotide 1386 (ORF called 
olePl), from nucleotide 1437 to nucleotide 2714 (ORF called 
oleGl), from nucleotide 2722 to nucleotide 3999 (ORF called 
oIeG2), from nucleotide 3992 to nucleotide 4729 (ORF called 
OleM) and from nucleotide 4810 to nucleotide 5967 (ORF called 
oleY) respectively) . The five ORFs are transcribed in the 



62 



same direction. 

Specimens of E. coli containing the plasraid pC035-S 
comprising the coding region of ORFs olePl, oleGl, oIeG2, 
oleM and oleY were deposited at the Collection Nationals de 
Cultures de Microorganismes (CNCM) INSTITUT PASTEUR, 25, Rue 
du Docteur Roux 75724 PARIS CEDEX 15 FRANCE, on the 8 April 
1998 under the number 1-2003. 

The oleGl gene codes for a polypeptide having 426 amino 
acids (sequence of SEQ ID No. 17). However, the presence of a 
CGC codon coding for a highly preserved arginine in this 
class of glycosyltransferase in the Streptomyces situated 
immediately upstream of the GTG codon, would indicate that 
the initiation codon could be the CTG codon in position 1431 
of the sequence SEQ ID No. 17. 

The oleG2 gene codes for a polypeptide having 426 amino 
acids (sequence of SEQ ID No. 18). 

Comparison of the deduced amino acid sequences of the 
oleGl and oIeG2 ORFs above with the database proteins using 
the Blast program (Altschul et al., 1990) showed similarities 
with glycosyl transferases from different sources, in 
particular approximately 72 % similarity and 53 % identity 
with the EryCIII deosaminyltransf erase described in Example 
30. 

Identification of the function of the oieGl gene or the 
oIeG2 gene was then carried out by interruption of the target 
gene in the S. antibioticus strain ATCC 11891 and by 
identification of a non-glycosylated precursor of the 
oleandomycin produced by the mutant strain using the methods 
described in Examples 3 to 4 . 

2) generation of an S. antibioticus oleGlA strain (A35G1) . 

A strain in which the oleGl gene is interrupted was 
prepared by integration of a plasmid pC03 into the homologous 
regions of the chromosomal DNA of the of S. antibioticus 
strain ATCC 118 91 producting oleandomycin. 

Firstly, the BamRl fragment of 0.6 kb internal to the 
oleGl gene, obtained by digestion of the plasmid pC035-S 
prepared above, with the BamHl restriction enzyme (Figure 
21), was sub-cloned in the BamHl site of the plasmid pOJ260 
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NRRL B-14785. 

The plasmid pCOS thus generated was then transferred 
into the E. coli strain TGI recO1504 : : Tn5 (Kolodner et al., 
1985), then used to transform the protoplasts of S. 
5 antibioticus. Selection of the transf ormants was carried out 
by resistance to apramycin (injection-grade Apramycin, Rhone 
Merieux) . 

Preparation of the protoplasts was carried out from the 
S. antibioticus strain ATCC 11891 following the conditions 
10 described by Hopwood et al., 1985. 

Transformation was carried out using 50 \il of an aliquot 
of protoplasts, 5 \xg of plasmidic DNA pC03 and replacing the 
thiostrepton with apramycin at the final concentration of 25 
Ijg/ml . 

15 Selection of the integrants carried out by resistance to 

apramycin allowed a clone called A35G1 to be isolated. 

The expected alteration in the corresponding region of 
the chromosome of S. antibioticus was confirmed by genomic 
analysis by Southern blot. The chromosomal DNA isolated, 
20 then digested by the PstI restriction enzyme from the wild S. 
antibioticus strain or the A35G1 mutant was analyzed by 
Southern using the BamHI fragment of 0.6 kb indicated above 
as hybridization probe-. Replacement of the PstI fragment of 
4.7 kb thus detected in the wild strain by two PstI fragments 
25 of 2.4 and 6.5 kb in the A35G1 mutant confirms the 

integration of the plasmid pC03 into the chromosome of the 
A35G1 strain at the level of oieGl ORF. 

The A35G1 recombinant strain thus obtained was then 
cultured to identify the precursors produced by the strain. 
3 0 3) fermentation of the A35G1 strain and identification of the 
oleandomycin precursors produced. 

The A35G1 strain was cultured for 72 hours in a 50 ml 
erlenmeyer in EP2 medium from a 48 hour preculture in an EPl 
medium under the conditions described in Example 4. 
35 The broth extracts with ethyl acetate were then analyzed 

according to the methods used in Examples 3 and 4 . 

a) The biological test by record of bacterial 
sensitivity to antibiotics was carried out in the following 



fashion: 

After growth of the B. pumilus strain on TSB medium 
overnight at 37 °C, the culture was diluted to 1/100 in medium 
containing 50 % (w/v) of glycerol, then the cell suspension 
obtained was preserved at -20 °C before use. 

The biological test was then carried out by introducing 
150 ]il of the thawed cell suspension into 100 ml of TSB 
medium containing 1 % agar and kept at 55 °C. The mixture was 
then poured into petri dishes. After cooling down, Oxford 
cylinders containing 50 to 200 pi of ethyl acetate extracts 
were placed on agar dishes, kept for 2 hours at 4°C, then 
incubated overnight at 37 °C. 

The extracts show no inhibitory effect on the growth of 
B. pumilus ATCC 14884. 

b) The analysis by TLC by chemical revelation was 
carried out according to the conditions described in Example 
4 using as standards erythromycin A, erythronolide B as well 
as 6-desoxyerythronolide B. 

The analysis by TLC shows that the A35G1 strain does not 
produce oleandomycin but preferentially accumulates a crimson 
product having a mobility which is greater than erythronolide 
B and close to 6-desoxyerythronolide B and that the aglycone 
8, 8a-deso-xyoleandolide part can be expected. 

c) The analysis by RP-HPLC chromatography coupled with 
mass spectrometry was carried out according to the conditions 
described in Example 4. Two major metabolites, called M9 and 
MIO, were detected (elution at 6.12 mn and 17.23 mn 
respectively) . The two products produce a parent peak at 
m/z 373 and similar fragmentation profiles which may be in 
accordance with the structure [ 8 , 8a-desoxyoleandolide] H"" . 
However, only the retention time of the MIO metabolite is in 
accordance with the proposed structure whilst the M9 
metabolite could correspond to an isomeric structure or to 
the open lactone nucleus. 

Experiments complementing the mutant strains of Sac. 
erythraea CIII68 described in Example 6 and BV88 described in 
Example 16 were also carried out using plasmidic 
constructions allowing respectively each of the oieGl and 
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oleG2 genes to be expressed. 

These observations and the absence of detection of 
oleandrosyl 8 , 8a-desoxyoleandolide or desosaminyl 8,8a- 
desoxyoleandolide indicate that the oleGl gene codes for the 
desoaminosyltransferase and the oIeG2 gene codes for the 
oleandrosyltransferase respectively involved in the 
biosynthesis of oleandomycin. 

PREPARATION OF EXAMPLE 30 : Thymidine 5 ' - (trihydrogen- 
diphosphate) , P ' - [3 . 4 , 6-trideoxy-3- (dimethylamino) -D-xylo- 
hexopyranosyl] ester ,N,N-diethYlethanaiaine 

STAGE A: 3, 4 , 6-trideoxy-3- (dimethylamino) -D-xylohexopyranose 
hydrochloride 

14 6.6 g of erythromycin A is added under agitation and 
at ambient temperature to 1.5 litres of 6N hydrochloric acid 

15 The solution obtained is taken to reflux for 2 hours. The 
reaction medium is cooled down to ambient temperature, 
filtered and the residue obtained is washed with water. The 
aqueous phase is extracted with methylene chloride, then with 
sulphuric ether. 10 g of black L2S is added to the aqueous 

20 phase and the traces of ether are driven off under reduced 
pressure. After filtering and concentrating, a second run 
is carried out under the same conditions. The two tests are 
combined, dissolved in ethanol (150 cm^) , 150 cm^ of ethyl 
ether is added. The crystals obtained are separated, washed 

25 and dried. 42 g of sought product is obtained. M.p. = 
158~160°C. 

STAGE B : 3,4, 6-trideoxy-3- (dimethylamino) -D-xylo- 
hexopyranose, 1, 2-diacetate 

60 cm^ of triethylamine is added under agitation at 20°C, 
to a mixture containing 15.27 g of the product of Stage A and 
150 cm^ of methylene chloride. A solution containing 20 cm^ 
of acetic anhydride and 80 cm^ of methylene chloride is added 
at 20°C. Agitation is carried out at ambient temperature for 
20 hours, followed by filtering, washing, concentrating and 
impasting in sulphuric ether. The filtrate is concentrated 
under reduced pressure. The residue obtained is 
chromatographed eluting with an ethyl acet ate-triethylamine 
mixture (95-5). 18.6 g of sought product is obtained which 
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is used as such in the following stage. 

STAGE C : 3,4, 6-trideoxy-3- (dimethylamino ) -D-xylo- 

hexopyranose, 2-acetate 

A mixture containing 18.6 g of the product of Stage B 
5 and 50 cm^ of DMF is taken to 50°C and 6.62 g of hydrazine 
acetate NH2NH2, ACOH is added. The reaction mixture is 
agitated and poured into a saturated solution of sodium acid 
carbonate. The aqueous phase is extracted with ethyl 
acetate. The organic phases are combined, dried, filtered 

10 and concentrated, followed by distillation under reduced 
pressure in order to eliminate the DMF by azeotropic 
entrainment with toluene. 11.28 g of product is obtained 
which is chromatographed on silica eluting with a ethyl 
acetate-triethylamine mixture (90-10). 6.5 g of sought 

15 product is obtained which is used as such in the following 
stage . 

STAGE D : 3, 4, 6-t rideoxy-3- (dimethylamino) -D-xylo- 
hexopyranose, 2-acetate bis (phenylmethyl ) phosphate 

5.7 cm^ of a solution of n-butyllithium in hexane is 
20 added at -70°C to a solution containing 1.738 g of the 

product of the preceding stage and 40 cm-^ of THE. 10 g of 
dibenzylphosphochloride prepared extemporaneously (J. Chem. 
Soc. 1958, p. 1957) , 



^(OCH2CgH5) 



25 in solution in 20 cra^ of THE is added at -70 — 75°C. Agitation 
is maintained for 1 hour 30 minutes between -70 and -74°C. 
The reaction medium is poured into a saturated solution of 
sodium acid carbonate and extracted with ethyl acetate. The 
organic phase is dried over sodium sulphate, filtered and 

30 concentrated. The product obtained is chromatographed on 

silica eluting with an acetone-methylene chloride mixture (5- 
5). 1.070 g of sought product is obtained. 
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STAGE E : 3, 4, 6-trideoxy-3- ( dimethylamino ) -D-xylo- 
hexopyranose, 1- (dihydrogen phosphate) , N, N-diethylethanamine 

A mixture containing 1.070 g of the product of the 
preceding stage, 20 cin-^ of ethyl acetate, 10 cm-^ of methanol, 
5 0.622 cm-^ of triethylamine and 200 mg of palladium on carbon 
is placed under agitation and under a hydrogen flow for 30 
minutes at ambient temperature. The reaction medium is 
filtered, washed with methanol and with ethyl acetate and the 
filtrate is concentrated. 1 g of an oil is obtained to which 
10 10 cm-^ of methanol is added. The solution obtained is 

agitated for 20 hours. The methanol is driven off under 
reduced pressure at 30 °C. 680 g of sought product is 
obtained . 

STAGE F : 3 , 4 , 6-trideoxy-3- ( dimethylamino ) -D-xylo- 

15 hexopyranose, 1- (dihydrogen phosphate) 

420 mg of the product isolated in the form of 
triethylamine salts, obtained in the preceding stage is 
dissolved in 1.6 cm^ of methanol. 3.2 cm^ of sulphuric ether 
is added, then 6.4 cm^ of sulphuric ether is added. 250 mg of 

20 sought product is obtained melting at 242~244°C. 

STAGE G : Thymidine 5 ' - ( trihydrogen diphosphate) , P '-[ 3 . 4 , 6- 
trideoxy-3- (dimethylamino) -D-xylo-hexopyranosyl ] ester, N, N- 
diethylethanamine 

228 mg of the product of Preparation 1, 6 cm^ of pyridine 

25 and 544 mg of thymidine 5 ' -monophosphate morpholidate-4- 

morpholine-NN ' -dicyclohexylcarboxamidine are mixed together. 
The pyridine is driven off under reduced pressure using a 
rotary evaporator while maintaining the temperature at 30°C 
or below. 6 cm-^ of pyridine is added which is driven off 

30 under reduced pressure. The operation is repeated twice. 6 
cm'^ of pyridine and 105 mg of IH-tetrazole are added. 
Agitation is carried out for 3 days at ambient temperature. 
The pyridine is driven off under reduced pressure, followed 
by taking up in water, filtering, concentrating and a product 

35 is obtained which is purified by chromatography. In this way 
the sought product is obtained, 
rf = 0.12 eluent CH2CI2, MeOH, H2O (60-35-6). 
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Free text in the sequence listings 

SEQ ID No. : 1: 

/function^ "involved in the biosynthesis of mycarose" 
5 /gene= "eryBII" 

/function= "involved in the biosynthesis of desosamine' 
/gene= "eryCII" 

SEQ ID No. : 4 : 

10 /function^ "involved in the biosynthesis of desosamine' 
/gene= "eryCIII" 

/note= "SEQ ID No 1 FROM 1046 TO 2308" 
SEQ ID No. : 6: 

15 /function= "involved in the biosynthesis of mycarose" 
/gene= "eryBIV" 

/transl_except= (pos: 242 .. 244, aa : Met) 
/function= "involved in the biosynthesis of mycarose" 
/gene= "eryBV" 
20 /transl_except= (pos: 1210 .. 1212, aa : Met) 

/function= "involved in the biosynthesis of desosamine 
/gene= "eryCVI" 

/function= "involved in the biosynthesis of mycarose" 
/gene= "eryBVI" 
25 /transl_except= (pos: 3308 .. 3310, aa : Met) 

/function= "involved in the biosynthesis of desosamine 
/gene= "eryCV" 

/function= "involved in the biosynthesis of mycarose" 
/gene= "eryBVII" 
30 /transl_except= (pos: 7578 .. 7580, aa : Met) 

SEQ ID No. : 13 : 

/function= "involved in the biosynthesis of desosamine 
/gene= "eryCIV" 
35 /note= "SEQ ID No 6 FROM 4837 TO 6039" 

SEQ ID No. : 15: 
/gene= "olePl" 
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/function= "glycosylation of 8 , 8a-desoxyoleandolide " 
/gene= "oleGl" 

/transl_except= (pos: 1437 .. 1439, aa: Met) 
/function^ "glycosylation of 8 , 8a-desoxyoleandolide" 
5 /gene= "oleG2" 
/gene= "oleY" 

SEQ ID No. : 20 : 
/gene= "oleM" 
10 /note= "SEQ ID No 15 FROM 3992 TO 4729" 

SEQ ID No.: 22 to SEQ ID No.: 60 
/desc = "OLIGONUCLEOTIDE" 



15 SEQ ID No. : 61: 

/note= "SEQ ID No 11 FROM 38 TO 50" 



CLAIMS 

1) Isolated single- or double-stranded DNA sequence, 
represented in Figure 2 (direct or complementary sequence of 

5 SEQ ID No.l) corresponding to the eryG-eryAIIl region of the 
cluster of erythromycin biosynthesis genes. 

2) DNA sequence according to claim 1 comprising: 

- the eryBII sequence corresponding to 0RF7 (complementary 
sequence of SEQ ID No.l from nucleotide 48 to nucleotide 

10 1046) and coding for a dTDP-4-keto-L-6-desoxyhexose 

2 . 3- reductase, 

- the eryCIII sequence corresponding to 0RF8 (complementary 
sequence of SEQ ID No.l from nucleotide 1046 to nucleotide 
2308) and coding for a desosaminyltransf erase and 

15 - the eryCII sequence corresponding to 0RF9 (complementary 
sequence of SEQ ID No.l from nucleotide 2322 to nucleotide 
3404) and coding for a dTDP-4-keto-D-6-desoxyhexose 

3. 4- isomerase . 

3) Isolated DNA sequence represented in Figure 2 chosen from 
20 the eryBII sequence corresponding to 0RF7 (complementary 

sequence of SEQ ID No.l from nucleotide 48 to nucleotide 
1046) , the eryCIII sequence corresponding to 0RF8 
(complementary sequence of SEQ ID No.l from nucleotide 1046 
to nucleotide 2308) or the eryCII sequence corresponding to- 
25 0RF9 (complementary sequence of SEQ ID No.l from nucleotide 
2322 to nucleotide 3404) and the sequences which hybridize 
and/or display significant homologies with this sequence or 
fragments of the latter and having the same function. 

4) Isolated DNA sequence eryCIII represented in Figure 2 

30 corresponding to 0RF8 (complementary sequence of SEQ ID No.l 
from nucleotide 104 6 to nucleotide 2308 = complementary 
sequence of SEQ ID No . 4 ) and coding for a desosaminyl 
transferase . 

5) Polypeptide coded by one of the DNA sequences according to 
35 one of claims 1 to 4 . 

6) Polypeptide according to claim 5 corresponding to an ORE 
represented in Figure 2, chosen from 0RF7 (having the 
sequence of SEQ ID No . 2 ) , 0RF8 (having the sequence of SEQ ID 
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No. 5) or 0RF9 (having the sequence of SEQ ID No . 3 ) and the 
analogues of this polypeptide. 

7) Polypeptide according to claim 5 corresponding to ORF8 
represented in Figure 2 (having the sequence of SEQ ID No. 5) 
and having a desosaminyltransf erase activity, called EryCIII. 

8) Isolated DNA sequence represented in Figure 3 (sequence of 
SEQ ID No. 6) corresponding to the eryAI-eryK region of the 
cluster of erythromycin biosynthesis genes. 

9) DNA sequence according to claim 8 comprising: 

- the eryBIV sequence corresponding to 0RF13 (sequence of SEQ 
ID No. 6 from nucleotide 242 to nucleotide 1207) and coding 
for a dTDP-4-keto-L-6-desoxyhexose 4-reductase, 

- the eryBV sequence corresponding to 0RF14 (sequence of SEQ 
ID No. 6 from nucleotide 1210 to nucleotide 2454) and coding 
for a mycarosyltransf erase , 

- the eryCVI sequence corresponding to 0RF15 (sequence of SEQ 
ID No. 6 from nucleotide 2510 to nucleotide 3220) and coding 
for a dTDP-D-6-desoxyhexose 3-N-methyltransf erase, 

- the eryBVI sequence corresponding to 0RF16 (sequence of SEQ 
ID No. 6 from nucleotide 3308 to nucleotide 4837) and coding 
for a dTDP-4-k:eto-L-6-desoxyhexose 2 , 3-deshydratase , 

- the eryCIV sequence corresponding to 0RF17 (sequence of SEQ 
ID No. 6 from nucleotide 4837 to nucleotide 6039) and coding 
for a dTDP-D-6-desoxyhexose 3, 4-deshydratase, 

- the eryCV sequence corresponding to 0RF18 (sequence of SEQ 
ID No. 6 from nucleotide 6080 to nucleotide 7546) and coding 
for a dTDP-D-4 , 6-didesoxyhexose 3 , 4 -reductase and 

- the eryBVII sequence corresponding to 0RF19 (sequence of 
SEQ ID No. 6 from nucleotide 7578 to nucleotide 8156) and 
coding for a dTDP-4-keto-D-6-desoxyhexose 3,5 epimerase. 

10) Isolated DNA sequence represented in Figure 3 chosen from 
the eryBIV sequence corresponding to 0RF13 (sequence of SEQ 
ID No. 6 from nucleotide 242 to nucleotide 1207), the eryBV 
sequence corresponding to 0RF14 (sequence of SEQ ID No . 6 from 
nucleotide 1210 to nucleotide 2454), the eryCVI sequence 
corresponding to 0RF15 (sequence of SEQ ID No. 6 from 
nucleotide 2510 to nucleotide 3220), the eryBVI sequence 
corresponding to 0RF16 (sequence of SEQ ID No . 6 from 
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nucleotide 3308 to nucleotide 4837), the eryCIV sequence 
corresponding to 0RF17 (sequence of SEQ ID No . 6 from 
nucleotide 4837 to nucleotide 6039) , the eryCV sequence 
corresponding to 0RF18 (sequence of SEQ ID No. 6 from 
5 nucleotide 6080 to nucleotide 7546) or the eryBVII sequence 
corresponding to 0RF19 (sequence of SEQ ID No . 6 from 
nucleotide 7578 to nucleotide 8156) and the sequences which 
hybridize and/or display significant homologies with this 
sequence or fragments of the latter and having the same 
10 function. 

11) Isolated DNA sequence eryBV represented in Figure 3 
corresponding to 0RF14 (sequence of SEQ ID No . 6 from 
nucleotide 1210 to nucleotide 2454) and coding for a 
mycarosyltransf erase . 
15 12) Polypeptide coded by one of the DNA sequences according 
to one of claims 8 to 11. 

13) Polypeptide according to claim 12 corresponding to an ORF 
represented in Figure 3, chosen from 0RF13 (having the 
sequence of SEQ ID No. 7), 0RF14 (having the sequence of SEQ 

20 ID No. 8), 0RF15 (having the sequence of SEQ ID No. 9), 0RF16 
(having the sequence of SEQ ID No. 10), 0RF17 (having the 
sequence of SEQ ID No. 14), 0RF18 (having the sequence of SEQ 
ID No. 11) or 0RF19 (having the sequence of SEQ ID No. 12) and 
the analogues of this peptide. 

25 14) Polypeptide according to claim 12 corresponding to 0RF14 
represented in Figure 3 (having the sequence of SEQ ID No. 8) 
and having an mycarosyltransf erase activity, called EryBV. 
15) Use of at least one of the DNA sequences chosen from the 
sequences eryBII (complementary sequence of SEQ ID No . 1 from 

30 nucleotide 48 to nucleotide 1046), eryCIII (complementary 
sequence of SEQ ID No.l from nucleotide 1046 to nucleotide 
2308) or eryCII (complementary sequence of SEQ ID No.l from 
nucleotide 2322 to nucleotide 3404) represented in Figure 2, 
eryBIV (sequence of SEQ ID No . 6 from nucleotide 242 to 

35 nucleotide 1207), eryBV (sequence of SEQ ID No. 6 from 

nucleotide 1210 to nucleotide 2454), eryCVI (sequence of SEQ 
ID No. 6 from nucleotide 2510 to nucleotide 3220), eryBVI 
(sequence of SEQ ID No . 6 from nucleotide 3308 to nucleotide 
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4837), eryCIV (sequence of SEQ ID No . 6 from nucleotide 4837 
to nucleotide 6039), eryCV (sequence of SEQ ID No. 6 from 
nucleotide 6080 to nucleotide 7546) or eryBVII (sequence of 
SEQ ID No. 6 from nucleotide 7578 to nucleotide 8156) 
represented in Figure 3, to synthesize hybrid secondary 
metabolites in Sac. erythraea. 

16) Use of at least one of the DNA sequences chosen from the 
sequences eryBII (complementary sequence of SEQ ID No . 1 from 
nucleotide 48 to nucleotide 1046), eryCIII (complementary 
sequence of SEQ ID No . 1 from nucleotide 104 6 to nucleotide 
2308) or eryCII (complementary sequence of SEQ ID No . 1 from 
nucleotide 2322 to nucleotide 3404) represented in Figure 2, 
eryBIV (sequence of SEQ ID No . 6 from nucleotide 242 to 
nucleotide 1207), eryBV (sequence of SEQ ID No . 6 from 
nucleotide 1210 to nucleotide 2454), eryCVI (sequence of SEQ 
ID No. 6 from nucleotide 2510 to nucleotide 3220), ebryBVI 
(sequence of SEQ ID No. 6 from nucleotide 3308 to nucleotide 
4837), eryCIV (sequence of SEQ ID No . 6 from nucleotide 4837 
to nucleotide 6039), eryCV (sequence of SEQ ID No . 6 from 
nucleotide 6080 to nucleotide 7546) or eryBVII (sequence of 
SEQ ID No. 6 from nucleotide 7578 to nucleotide 8156) 
represented in Figure 3 or of a fragment of this sequence, as 
hybridization probes. 

17) Use of the eryCIII DNA sequence represented in Figure 2 
(complementary sequence of SEQ ID No . 1 from nucleotide 1046 
to nucleotide 2308 == complementary sequence of SEQ ID No . 4 ) 
as a hybridization . probe to isolate genes responsible for the 
glycosylation of the macrolactone in a macrolide-producing 
strain . 

18) Use according to claim 17 in which the homologous genes 
are the oleandomycin biosynthesis genes in S. antibioticus. 

19) Isolated DNA sequence represented in Figure 22 (sequence 
of SEQ ID No. 15) corresponding to a region of the cluster of 
oleandomycin biosynthesis genes comprising: 

- the sequence corresponding to ORE olePl from nucleotide 184 
to nucleotide 1386, 

- the sequence corresponding to ORE oleGl from nucleotide 
1437 to nucleotide 2714 coding for a glycosyltrans f erase 
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activity, 

- the sequence corresponding to ORF oieG2 from nucleotide 
2722 to nucleotide 3999 coding for a glycosyltransf erase 
activity, 

- the sequence corresponding to ORF oieM from nucleotide 3992 
to nucleotide 4720 sequence of SEQ ID No. 20) and 

- the sequence corresponding to ORF oleY from nucleotide 4810 
to nucleotide 5967. 

20) Isolated DNA sequence represented in Figure 22 chosen 
from the sequence corresponding to ORF oleGl (sequence of SEQ 
ID No. 15 from nucleotide 1437 to nucleotide 2714 coding for a 
glycosyltransferase activity and the sequence corresponding 
to ORF oieG2 (sequence of SEQ ID No. 15 from nucleotide 2722 
to nucleotide 3999) coding for a glycosyltransferase 
activity. 

21) Isolated DNA sequence according to claim 20 corresponding 
to ORF oieGl (sequence of SEQ ID No. 15 from nucleotide 1437 
to nucleotide 2714) coding for a desosaminyltransf erase 
activity. 

22) Isolated DNA sequence according to claim 20 corresponding 
to ORF oIeG2 (sequence of SEQ ID No. 15 from nucleotide 2722 
to nucleotide 3999) coding for an oleandrosyltransf erase 
activity. 

23) Polypeptide coded by the DNA sequence corresponding to 
ORF oleGl and having a desosaminyltransf erase activity 
(sequence of SEQ ID No. 17). 

24) Polypeptide coded by the DNA sequence corresponding to 
ORF oleG2 and having an oleandrosyltransf erase activity 
(sequence of SEQ ID No. 18). 

25) Process for the preparation of hybrid secondary 
metabolites in Sac. erythraea in which: 

- a DNA sequence is isolated containing at least one eryB 
sequence or one eryC sequence of the cluster of erythromycin 
biosynthesis genes represented in Figure 2 (complementary 
sequence of SEQ ID No . 1) or in Figure 3 (sequence of SEQ ID 
No. 6) , 

- a modification is created in said sequence and an altered 
sequence is obtained. 
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the altered sequence is integrated into the chromosome of 
the host strain and a modified strain is obtained, 

the modified strain is cultured under conditions which 
allow the formation of the hybrid secondary metabolite and 
5 - the hybrid secondary metabolite is isolated. 

26) Process according to claim 25 in which the DNA sequence 
codes for one of the enzymes chosen from a 

- dTDP-4-k:eto-L-6-desoxyhexose 2 , 3-reductase, 

- desosaminyltransf erase, 

10 - dTDP-4-k:eto-D-6-desoxyhexose 3, 4-isomerase, 

- dTDP-4-keto-L-6-desoxyhexose 4-reductase, 

- mycarosyltransf erase , 

- dTDP-D-6-desoxyhexose 3-N-methyltransf erase , 

- dTDP-4-keto-L-6-desoxyhexose 2 , 3-deshydratase , 
15 - dTDP-D-6-desoxyhexose 3 , 4-deshydratase , 

- dTDP-D-4 , 6-didesoxyhexose 3, 4-reductase or 

- dTDP-4-keto-D-6-desoxyhexose 3,5 epimerase. 

27) Process according to claim 25 in which the alteration of 
the sequence results in the inactivation of at least one of 

20 the enzymes chosen from a 

- dTDP-4-keto-L-6-desoxyhexose 2 , 3-reductase, 

- desosaminyltransf erase, 

- dTDP-4-keto-D-6-desoxyhexose 3 , 4-isomerase , 

- dTDP-4-keto-L-6-desoxyhexose 4-reductase, 
25 - mycarosyltransf erase, 

- dTDP-D-6-desoxyhexose 3-N-methyltransf erase , 

- dTDP-4-keto-L-6-desoxyhexose 2 , 3-deshydratase , 

- dTDP-D-6-desoxyhexose 3 , 4-deshydratase, 

- dTDP-D-4 , 6-didesoxyhexose 3, 4-reductase or 
30 - dTDP-4-keto-D-6-desoxyhexose 3,5 epimerase. 

28) Process according to claim 27 in which the inactivated 
enzyme is a dTDP-4-keto-L-6-desoxyhexose 4-reductase. 

29) Process according to claim 27 in which the inactivated 
enzyme is a dTDP-D-6-desoxyhexose 3 , 4 -deshydratase . 

35 30) Process according to claim 27 in which the inactivated 
enzyme is a mycarosyltransf erase . 

31) Process according to claim 27 in which the inactivated 
enzyme is a dTDP-4 -keto-L- 6-desoxyhexose 2 , 3-reductase . 
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32) Process according to claim 25 in which the isolated 
hybrid secondary metabolite is an analogue of erythromycin 
chosen from 4 "-keto-erythromycin, 4 ' -hydroxy-erythromycin or 
3"-C-desmethyl-2" , 3 "-ene-erythromycin . 

33) Process according to claim 25 in which the isolated 
hybrid secondary metabolite is desosaminyl erythronolide B. 

34) Modified strain of Sac. erythraea in which at least one 
of the enzymes chosen from a 

- dTDP-4-k:eto-L-6-desoxyhexose 2 , 3-reductase , 

- desosaminyltransf erase, 

- dTDP-4-keto-D-6-desoxyhexose 3 , 4-isomerase , 

- dTDP-4-keto-L-6-desoxyhexose 4-reductase, 

- mycarosyltransf erase, 

- dTDP-D-6-desoxyhexose 3-N-methyltransf erase, 

- dTDP-4-keto-L-6-desoxyhexose 2 , 3-deshydratase, 

- dTDP-D-6-desoxyhexose 3 , 4 -deshydratase , 

- dTDP-D-4 , 6-didesoxyhexose 3 , 4-reductase or 

- dTDP-4-keto-D-6-desoxyhexose 3,5 epimerase 

is inactivated and producing at least one hybrid secondary 
metabolite . 

35) Modified strain of Sac. erythraea (BII92) in which a 
dTDP-4-keto-L-6-desoxyhexose 2 , 3-reductase is inactivated and 
producing 3 "-C-desmethyl-2 ", 3 "-ene-erythromycin C. 

36) Modified strain of Sac. erythraea (BIV87) in which a 
dTDP-4-keto-L-6-desoxyhexose 4-reductase is inactivated and 
producing 4 "-keto-erythromycin . 

37) Modified strain of Sac. erythraea (CIV89) in which a 
dTDP-D-6-desoxyhexose 3 , 4-deshydratase is inactivated and 
producing 4 ' -hydroxyerythromycin D. 

38) Modified strain of Sac. erythraea (BV88) in which a 
mycarosyltransferase is inactivated and producing desoaminyl 
erythronolide B. 

39) Preparation process for precursors of oleandomycin in S. 
antibioticus in which 

- an alteration is created in the sequence of the gene chosen 
from the DNA sequence corresponding to ORF oleGl (sequence of 
SEQ ID No. 15 from nucleotide 1437 to nucleotide 2714) 

and the DNA sequence corresponding to ORF oleG2 (sequence of 
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SEQ ID No. 15 from nucleotide 2722 to nucleotide 3999) in the 
chromosome of a host strain and a modified strain is 
obtained, 

- the modified strain is cultured under conditions allowing 
5 the accumulation of the precursors of oleandomycin and 
these precursors are isolated. 

40) Process according to claim 39 in which the alteration is 
created in the DNA sequence corresponding to ORF oleGl 
(sequence of SEQ ID No. 15 from nucleotide 1437 to nucleotide 

10 2714) and the result of which is at least the elimination of 
the desoaminyltransf erase activity and the accumulation of 
the precursor of oleandomycin 8 , 8a-desoxyoleandolide . 

41) Thymidine 5 ' - ( trihydrogen diphosphate ), P '-[ 3 . 4 , 6- 
tridesoxy-3- (dimethylamino) -D- . xylo . -hexopyranosyl ] ester 

15 (dTDP-D-desosamine) and the addition salts with bases. 
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TTTGACAGGTC( 

43690 43710 

CATGT 

43730 43750 43770 

TGAC.^AGATCAACGGCGGCTACCTACTGTGGTGGCCCAGTGACGGGTTGCCGCACATCGC 

43790 43810 43830 

GG^GGGGAGATTCTTTGAJi.TTTCGCCCGTAGCACCGACGTGGAA-^GGGAGCAJLATGCTCC 

438S0 43870 43890 

GGTG.i-i.TGGGATCAGTGATTCCCCGCGTCP'J^.TTGATCACCGTTCTGGGCGCTTCCGGCTT 
-/ N G I S D S P ?. Q L I T L L G A S G F 
ORF13 ---> 

43910 43930 43950 

CGTCGGGAGCGCGGTTCTGCGCC-AGCTGCGGGACCACCCGGTCCGGCTGCGCGCGGTGTC 
V G S A V L R E L R D H ? V R L R A V S 
^3970 43990 44010 



CTGC( 

D 

44070 



CGGCGGCGGAGCGCC 
R G G A P 
44030 
CCTGCTGGAACCGGG 
L. L E ? G 
44090 
GGTGGCGCACGCAG< 
V A H A 

44150 44170 
GCGGGTGAACGTCGGCC 
RVNVGLMKDLVGALHDR 
44210 44230 44250 

GACGCCGCCCGTGTTGCTCTACGCGAGCACCGCACAGGCCGCGAAC 
T ? ? V L L Y A S T A Q ■-- A -^^ 
44270 44290 



? G A A E V E D L R A D 
44050 

CGCCGGGATCGAGGACGCCGACGTGATCGTGCACCT 
AAIEDADVIVHL 
44110 44130 



44190 



CCGTCGGC 
? S A 
44310 



.TCGTGCGGAA-AGGGACCGACGAGGG 
: L R K A T D E G 
44370 

GTCTACGGCCAGAGCGGCCCGTCCGG 
V Y G Q S G P S G 
44410 44430 
GGGGGCGTGGTCGCAGGGATC-ATCGGGGGTGGCGTCGCGGGCGAGCCGCT 
R G V V A A M I R R A L A G S ? L 



Y A Q Q K T E A E R 
44330 44350 
rGGGGGGCGTGATCGTGCGGGTGCCCG; 
RGVILRLPA 
44390 



G 

44450 

T M W H D G G 
44510 
CGCGTTCGCCGCCGCGC 
A F A A A L E H 
44570 



44470 



V R R D L 
44530 



490 

ACGTGGCCAC 
E D V A T 
44550 

GGGCGCTGGG 
T W A L G 
44610 



H D A L A G G 
44590 

CGCCGACCGATCCGAGCCGCTCGGCGACATCTTGGGGGGGGTCTCCGGCAGCGTCGGCCG 
i D R S E P L G D I F R A V S G S V A R 
44630 44650 44670 

GCAGACCGGCAGCCCCGCCGTCGACGTGGTCACCGTGCCCGCGCCCGAGCACGCCGAGGC 
Q T G S ? A y D V V T V ? A P E H A E A 
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44690 44710 44730 

rijiO'^iC^CCGCAGCGACGACATCGACTCCACCGAGTTCCGCAGCCGGACCGGCTGGCG 
^ND"RSDDID5TSrRSRTGWR 

44750 44770 44790 

CCCCCGGGTTTCCCTCACCGA.CGGCATCGACCGGACGGTGGCCGCCCTGACCCCCACCGA 
PRVSLTDGIDRTVAALTPTE 

44810 44830 44850 

GGAGCACTAGTGCGGGTACTGGTGACGTCCTTCGCGCACCGCACGCA-CTTCCAGGGACTG 

VRVLLT3FAHRTKFQGL 
0RF14 > 

44870 44890 44910 

GTC'^CGC^GGCGTGGGCGGTGCGCACGGCGGGTCACGACGTGCGCGTGGCCGGGCAGCCC 
V P L A W A L R T A G H D V R V A A Q ? 

44930 44950 44970 

GCGC^C^CCG^CGCGGTCATCGGCGCCGGTCTCACCGCGGTACCCGTCGGCTCCGACCAC 
1 L D A V I G A G L T A V P V G S D H 

44990 45010 45030 

CGGCTGTTCGACATCGTCCCGGA-AGTCGCCGCTCAGGTGCACCGCTACTCCTTCTACCTG 
RLFDIVPEVAAQVHRY5FYL 

£5050 45070 45090 

G^CT^TACCACCGCGAGCAGGAGCTGCACTCGTGGGAGTTCCTGCTCGGCATGCAGGAG 
D ■ F Y H R E Q E L H S W E F L L G M Q E 
45110 45130 45150 

GCTGGTC 



GCCAGGTCGCGGTG( 
A T S R 
45170 



;GCGGTGGTCA_ACA_ACGACTCCTTCGTCGCi 
P V V N N D S F V A 



V Y P V V N N D S F V A E L V 
45190 45210 
GACr^GCGCGGGACTGGGGTCCTGACCTGGTGCTCTGGGAGCCGTTCAGCTTGGCCGGG 
D F A R D W R ? D 1 V L W E ? F T F A G 

45230 45250 45270 

GCCGTCGCGGGCCGGGCCTGCGGAGCCGGGGACGCCCGGGTGGTGTGGGGCAGCGACCTC 

A V A A R A C G A A H 

45290 45310 
ACCGGGTACTTCCGCGGCCGGTT( 
T G Y F R G R F Q A Q 

45350 45370 
CCGGACCCGCTGGGCACGTGGCTGACCGAGGTCGCGGGGCGCTTCGGCGTCGA-ATTCGGC 
^ D ? L G T W L T £ V A G R F G V E F G 

45410 45430 45450 

G^GG^^CGTCGCGGTCGGGCAGTGGTCGGTCGACCAGTTGCCGGCGAGTTTCCGGCTGGAC 
EDLAVGQWSVDQLPPSFRLD 



GTGGTGTGGGGCAC 
L L W G S D L 
45330 

GCGTGGGACGGCCGCCGGAGGACCGG 
LRRPPEDR 
45390 



4547 0 

ACCGGA_ATGGA-AACCGTTGTC( 
T G M E T 

45530 



45490 



45510 



R T L ? Y N G A S V V P 
45550 45570 
GACTGGCTCAJ^r-aj^GGGCAGTGCGACTCGACGCATCTGCATTACCGGAGGGTTCTCCGQA 



D W L K K 
45590 

L G L A 

45550 
GATGGCGA_::i_ATCGTG G T 
D G E I 



G G 

45610 45630 
TTCGCGCGGACGCTCGCGGAGCTCGCGCGATTC 
Q F A R T L A Q L A R F 
45570 45690 

CCTCCGGGGTACCGGACA_ACATT 
SGPDTSAVPDNI 
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45710 45730 45750 

CGTTTGGTGGATTTCGTTCCGATGGGCGTTCTGCTCCAGAACTGCGCGGCGATCATCCAC 
R L V D F V ? M G V L L Q N C A A I I K 

45770 45790 45810 



45830 45850 
GCACATGAATGGGATTGCATGCTACGCGGCCAGC.A 
A H E W D C M L R G Q Q 

45890 45910 



P Q I S V 

45870 
.GTGGGCGCGGGAA.TC 
L G A G I 

45930 



YLRPDEVDADS 
45950 45970 
GAGGACCCCACCTACACCGAGAACGCGGTGAAGC7TCG 
E D ? T Y T E N A V K L R E 
46010 45030 

rCGCGACTGGAGGAACTCACGCGCCGCCACGCCGGCTAGCGG 
RLEELTRRKAG - 
45090 46110 



L T Q 
45990 



A L S 
45050 



T F Q S I ^ 
46070 

TTTCCGACCGACAAGTCCGTCCGACAGCACACCTCCGGAGGGAGGAGGGATGTACGAGGG 

M Y E G 
ORRIS ---> 

46130 46150 46170 

CGGGTTCGCCGAGGTTTACGACCGGTTCTACCGCGGGCGGGGCAi-GGACTACGCGGCCGA 
G ? A S L Y D R ? Y R G R G K D Y A A E 
46190 45210 46230 

CGCGCAGGTCGCGCGGCTGGTCAGAGACCGCCTGCCCTCGGCTTCCTCGCTGCTCGA 
A Q V A R L V R D R L ? S A S S L L D 
45250 46270 45290 

VACGTGTHLRRFADLEDDVT 
46310 45330 46350 

CGGGCTGGAGCTGTCGGCGGCGATGATCGAGGTCGCCCGGCCGCAGCTCC-GCGGCATCCC 
G L E L S A A M I E V A R ? Q L G G I ? 
46370 46390 46410 

GGTGCTGCAGGGCGACATGCGCGACTTCGCGCTGGATCGCGAGTTCGACGGCG TC ACCTG 
VLQGDMRDrALDREFDAVTC 
46430 46450 46470 . 



M F 3 S I G ; 
46490 

CTTCGGCCGCCACCTCGCC( 
F A R H L A ] 
46550 



H R D G A E L D Q A L A S 
46510 46530 
CGGCGGCGTCGTGGTGGTCGAACCGTGGTGGTTCCCGGA 
G G V V V V E P W W F P E 
45570 45590 

TGGTGCGCGACGGCGACCTGACGATCTC 
D F L D G Y V A G D V V R D G D L T I S 
46610 46630 46550 

GCGCGTCTCGCACTCCGTGGGCGCCGGCGGCGCGACCCGGATGGAGATCCACTGGGTCGT 
R V S H S V R A G G A T R M E I H W V V 
46670 45590 45710 



' GGGCGACGCGGTGAACGGTCCGCGGCACCACGTGGAGCACTACGAGATCACGCTCTTCGA 
A D A V N G ? R H H V E H Y E I T L F E 
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14/6C 

46730 45750 
GCGGCAGCAGTACGAGAAGGCCTTCACCGCG 
R Q Q Y E K A F T A A 



46770 

GGTTGCGCTGTGCAGTACCTGGAGGG 
GCAVQYLEG 
46830 



Q Q Y E 

46790 46310 
CGGACCCTCCGGACGCGGGTTGTTCGTCGGTGTGCGCGGATGACCCGTGCGTTCGCGTTT 

G 



S G 
46850 



G * 



L F V G ^ 

46870 46890 
STGATCCGCTCCACGGGCCCTTTCCCCGCCGTGACCGGACCCTT 
46930 46950 



46910 
ACAGTGAGTGCGGGTCTT^ 

V R V L I D N A R R Q Q A r: ^ r i 

0RF16 > 

46970 46990 47010 

ACCGCAGGGAGAGTCGATGGGTGATCGGACCGGCGACCGGACGATTCCGG---ATCCTCGCA 
i^QGESMGDRTGDRTI PESSQ 
47030 47050 47070 

GACCGCAACGCGTTTCCTGCTCGGCGACGGCGG^JlTCCCCACCGCCACGGCGGAA-^.CCCA 
^ A T R F L L G D G G I P T A T A £ T H 
47090 47110 47130 

CGACTGGCTGACCCGC.i-ACGGCGCCGAGCAGCGGCTCGAGGTGGCGCGCGTGCCGTTCAG 
D W L T R N G A E Q R L E V A R V P F S 
47150 47170 47190 

CGCCATGGACCGCTGGTCGTTCCAGCCCGAGGACGGCAGGCTCGCCCACGAGTCCGGGCG 
A M D R W S F Q ? E D G R L A H E S G R 
47210 47230 47250 

CTTCTTCTGCATCGAGGGGGTGGAGGTGCG-GACG.-_ACTTCGGCTGGGGGCGGGACTGGAT 
- F S I E G L H V R T N F G W R R D W I 
47270 47290 47310 

CC^GCCGATGATCGTGCAGCGCGAGATCGGGTTGGTGGGCCTCATCGTC.-AGGAGTTCGA 
Q P I I V Q ? E I G F L G L I V K E F D 
47330 47350 47370 

CGGTGTGCTGCACGTGCTGGCGCAGGCCA.AGGCCGAGCCGGGCA--.CATC.^A-CGCCGTCCA 



47390 



A K A 
47410 




L S ? T L Q A T R S N Y 
47450 47470 
GG^CCGGTTCATCGAGTACTTCA.ACGGCACGCGCCCGAGCCGGATCCTCGTCGACGTGCT 
VRFIEYFNGTRPSRILVDVL 
47510 47530 47550 

CCAGTCCGAGCAGGGCGCGTGGTTCC7GCGCAA.GCGGA_2.CCGGA_iCATGGTCGTCGAGGT 
Q S S Q G A W F L R K R N R N M V V E V 
47570 47590 47610 

GTTCGACGACCTGCGCGAGCACCCGA_^-CTTCCGGTGGCTGACCGTCGCGCAGCTGCGGGC 
F D D L P E H P N F R W L T V A Q L R A 
47530 47550 47670 

GATGCTGCACGACGAC.^-ACGTGGTG.-_i.CATGGACGTGGGCACCGTGGTGGGGTGGGTCGG 
M L H H D N V V N M D L R T V L A C V P 
47590 47710 47730 

GACCGCCGTGGAGCGGGACCGGGGCGACGACGTGCTCGGGCGCCTGGCCGAGGGCTCGTT 
• T A V E R D R A D D V L A R L ? E G S F 
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47750 47770 47790 

CCAGGCCCGGCTGCTGCACTCGTTCATCGGCGCGGGCACCCCGGCCAJ^.CAACATGAACAG 
Q A R L L H S F I G A G T P A N N M N S 
47810 47830 47850 

CCTGCTGAGCTGGATCTCCGACGTGCGCGCCAGGCGCGAGTTCGTGCAGCGCGGCCGCCC 
LLSWI SDVRARRSFVQRGRP 
47870 47890 47910 

GCTGCCCGACATCGAGCGCAGCGGGTGGATCCGCCGCGACGACGGCATCGAGCACGAGGA 
L PDIERSGWIRRDDGIEHEE 
47930 47950 47970 

GAJ^.GSJi.GTACTTCGACGTCTTCGGCGTCACGGTGGCGACCAGCGACCGCGAGGTCAACTC 
KKYFDVFGVTVATSDREVNS 
47990 48010 48030 

GTGGATGCAGCCGCTGCTCTCGGCGGGC.AiCA-^CGGCCTGCTCGCCCTGCTGGTCAAGGA 
W M Q P L L S P A N N G L L A L L V K D 
48050 48070 48090 

CATCGGCGGCACGTTGCACGCGCTCGTGCAGCTGCGCACCGAGGCGGGCGGGATGGACGT 
I G G T L H A L V Q L R T E A G G M D V 
48110 48130 48150 

CGCCGAGCTGGCGCCTACGGTGCACTGCCAGCCCGAC.iA.CTACGCCGAGGGGCCGGAGGA 
A E L A P T V H C Q P D N Y A D A P E E 
48170 48190 48210 

GTTCCGACCGGCCTATGTGGACTAGGTGTTGAACGTGCCGCGGTCGCAGGTCCGCTACGA 
F R P A Y V D Y V L N V P R S Q V R Y D 
48230 48250 43270 

CGCATGGGACTCCGAGGAGC-GCGGCCGGTTCTACCGC.i-^CGAGAACGGGTACATGCTa^T 
A W H S E E G G R ? Y R N E N R Y M L I 
48290 48310 48330 

CGAGGTGCCCGCCGACTTCGACGCCAGTGCCGCTCCCGACCACCGGTGGATGACCTTCGA 
E V P A D F D A 5 .-. A P D H R W M T F D 
48350 43370 43390 

CCAGATCACCTACCTGCTCGGGCACAGCCACTACGTCAACATCCAGCTGCGCAGCATCAT 

Q I T Y L L G :-; s :-: Y V N I Q L R S I I 
48410 48430 4S450 

CGGGTGCGCCTCGGCGGTCTACACCAGGACCGCCGGATG.-AA.CGCGCGCTGACCGACGTG 
A C A S A V Y T R T A G ' 

M K R A L T D L 
0RF17 ---> 

48470 48490 43510 

GCGATCTTCGGCGGCCCCGAGGCATTCCTGCACACGCTCTACGTGGGCAGGCCGACCGTC 
A I F G G P E A F L H T L Y V G R ? T V 

48530 48550 48570 

GGGGACGGGGAGCGGTTGTTCGCCCGGCTGGAGTGGGCGGTGAJ^rAAC.iA-CTGGCTGACC 
GDRERFFARLEWALNNNWLT 

48590 48610 48630 

AACGGCGGACCACTGGTGCGCGAGT-TCGAGGGCCGGGTCGCCGACCTGGCGGGTGTCCGC 
N G G P L V R E F E G R V A D L A G V R 

48650 48670 48690 

CACTGCGTGGCCACCTGCAJi.CGCGACGGTCGCGCTGC.i-iCTGGTGCTGCGCGCGAGCGAC 
H C V A T C N A T V A L Q L V L R A S D 

43710 48730 48750 

GTGTCCGGCGAGGTCGTCATGCCTTCGATGACGTTGGCGGCCACGGCGCACGGGGCGAGC 
V S G S V V M ? S M T F A A T A H A A S 
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D A A 
49010 

GG( 

G N A E 

49070 
GCCATCGTCACCGACGAC 
A I V T D D G 

49130 



A T 
49090 

CTGGTGGCCGACCGCATCCGCGCCATGCAC.^--.CTTCGGG 
L L A D R I R A M K N F G 
4S150 4S170 



ATCGCACCGGACA_i.GCTGGTGACCGATGTCGGCACC.i-.ACGGCA_iGATGAGCGAGTGCGCC 
I A ? D K L V T D V G T N G K M S £ C A 

49190 49210 49230 

GCGGCGATGGGCCTCACCTCGCTCGACGCCTTCGCCGAGACCAGGGTGCACAACCGCCTC 
A A M G L T S L D' A F A E T R V H N R L 

49250 49270 4929C 



A.ACCACGCGCTCTACTCCGACGAGCTCCGCGACGTGGGCGGCATATCCGTGCACGCGTTC 
N H A L Y S D E L R D V R G I S V H A F 

49310 49330 49350 

GATCCTGGCGAGCAGAArA-ACTACCAGTACGTGATCATCTCGGTGGACTCGGCGGGCACC 
D P G S Q N N Y Q Y V I I S V D S A A T 

49370 49390 49410 

G I D R D Q L Q A I L R A E K V V A Q ? 

49430 49450 4947C 

TACTTCTCCCCCGGGTGCCACCAGATGCAGCCGTACCGGACCGAGCCGCCGCTGCGGCTG 
YFS PGCHQMQPYRTEPPLRL 

49490 49510 49530 

GAGA.ACACCQAACAGCTCTCCGACCGGGTGCTCGCGCTGCCCACGGGCCCCGCGGTGTCC 
E N T E Q L S D R V L A L ? T G ? A V S 

49550 49570 49590 

AGCGAGGACATCCGGCGGGTGTGCGACATCATCCGGCTCGCCGCCACCAGCGGCGAGCTG 
S E D I R R V C D I I R L A A T S G E L 

49610 49630 49650 

ATCAACGCGCA-ATGGGACCAGAGGACGCGCAACGGTTCGTGACGACCTGGGCCACA.iGTG 
INAQWDQRTRNGS' 

49670 49690 49710 

CCAGGAGGTTCGGTGGCCGATGA_aCACAACTCGTACGGC.^-^CCGCCCAGGA.AGGGGGGGT 
M N T T R T' A T A Q E A G V 
0RF18 ---> 

49730 49750 49770 



A L 
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49790 49810 49830 

GGTCTCCCGCGTCACCGGCGCCGGTGACGGTGACGCCGACGTGCAGGCCGCCCGGCTCGC 
V S R V T G A G D G D A D V Q A A R L A 
49850 49870 4S890 

CTGGAGCAGACGCGTGCGCG 
H P ? T ? L E Q T R A R 
49930 49950 



CGAG 
D L A A 



49910 
GCTCGGCCTGGA 
L G L D 
49970 



3GAGTTCGCCCACCTGCTCGACCTGTTCGGCCGCATCCCGGA 
EFAHLLDLFGRI PD 
49990 50010 



P A G 

50050 



S N T I 

50070 



CCTGGGGACCGCGGTGGA-GCACG 
L G T A V E K G 

50030 
GCTGGACGGC 

LDAAGALDAAVYRKPAFPYS 
50090 50110 50130 

CGTCGGGGTGTACCCGGGGGGGACGTGGATGTTCCGCTGGCACTTCTGGGTGCGGGTGAC 

VGLYPGPTCMrRCHFCVRVT 
50150 50170 50190 



G A R Y E A A S V P A G N E T L A All 
50210 50230 5Q250 

CGACGAGGTGCCCACGGACAJi.CCCGA-AGGCGATGTACATGTCGGGCGGGCTCGAGCCGGT 
D E V ? T D N P K A M Y M S G G L E ? L 
50270 5O2S0 50310 

GACGAJi-.GCCCGGTCTCGGGGAGGTGGTGTCGGACGGCGGCGGGCGCGGTTTCGACGTCAC 



G F D L T 

50370 

3CCTGTG 



T N P G L G E L V S K 
50330 50350 
CGTCTAG AC C AACGCCTTCGCC C TG ACC G AGC AG AC GCTG .^A.C C GC C AGG ; 
V Y T N A F A L T E Q T L N R Q P G L W 
50390 50410 5C430 

GGAGCTGGGCGCGATCCGCACGTCCCTCTACGGGCTGAA.C.^ACGACGAGTACGAGACGAC 
ELGAIRTSLYGLxNNDEYETT 
50450 50470 50490 

CACCGGCA-AGCGCGGCGCTTTCGAACGCGTCAAGi^AG.^--rCTGCAGGGCTTCCTGCGGAT 
G K R G A F E R V K K N L Q G F L R M 
50510 50530 50550 



R A E R D A P I R L G F N H I I L ? G R 
50570 50590 50610 

GGCCGACCGGCTCACCGACCTCGTCGACTTCATCGCCGAGCTCA-ACGAGTCCAGCCCGCA 
ADRLTDLVDFIAELNSSSPQ 
50630 50650 50670 

ACGGCCGCTGGACTTCGTGACGGTGCGCGAGGACTACAGCGGCCGCGACGACGGCCGGCT 
R^LDFVTVREDYSGRDDGRL 
50690 50710 50730 



S D S E 
50750 
. CGAGCGGACC 

E R T ? G 



REG 
50770 



V 



V D Y A A 
50790 

'CTGCGGCGGGG 
S L R R G 
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50810 50830 50850 

TGTGGACGCCGAGCTGCTGCGCATCCGGCCGGAGACGATGCGTCCCACCGCGCACCCCCA 
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DECLARATION FOR 
UTILITY OR DESIGN' 
PATENT APPLICATION 

(v| Declaration OR r— i Declaration 
Submitted Submitted after 
with initiai Filing Initial Filing 


Attorney Docket Number j 1335 ^ 


^ First Named Inventor 


JESUS CORTES 


COMPLETE iF KNOWN 


Application Number 


PCT/FR9 8/0159 3 


Filing Date 


July 21, 1998 


Group Art Unit 




Examiner Name 


J 



Z 'i: ''J: 

+ 



As a below named Inventor, 1 hereby declare ttial: 

B. posf office address, and citizenshp are as slated below m 



I believe I am the origina!. firsf and sole inventor (if onfy one name i 
below) of Ihe subject matter wtiich is claifned and for which a paten 



BIOSYNTHESIS GENES AND TRANSFES :0F 6-DESOXY-HEXOSES IN 
SACCAHAROPOLYSPORA ERYTHRAEA AND IN STREPTOMYCES ANTIOBIOTICUp 
AND THEIR USE 



le spedficalion of which 



□ 



was filed on (MM/ODATirO jjuly 21, 19 9 8 



,s United States Applic: 



Applcation Number |pCT/FR9 8/0 1593| ^"-"^ °" (MM/OO/YYYY) | | ^' 

I hereby state that 1 have reviewed and understand the contents of Ihe above identir^d specrcalion. including the claims, as amended by a 
amendment specificaiV referred to above. 

1 acknowledge the duty to disdose infSSnatioh Whfch is notarial to patentability as defined in Tile 37 Code of Federal Regulations. § 1 .56. 



I hereby ctain, foreign priority beneffls under T4te 35. United States Code §1 19 (a)-(d) or §365(b) of any foreign app!.cat«n(s> for patent or .nventor-s 
certificate or §365 (a) of any POT international application which designated at least one country other than the Unted olales of Amenca. listed 
below and have also identify below, by checking the box. any foreign appScation for patent or inventor's certificate, or of any POT inlemational 
appScation having a fiiing dale before that of the application on which priority is dalmed. 



97/09458 
98/07411 

PCT/FR98/015C 



FRANCE 
FRANCE 



Jul. 25, 9 7 
Jun.12,9 

Jul.21, 98 



Certified Copy Attached? 



Claimed 


YES 


NO 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 




□ 


□ 


□ 


□ 


□ 


□ 


□ 



Q AddilionaJ foreign application numbers are listed on a stjpplemental priority sheet attached h< 



( hereby claim the benefit under Title 35. United Slates Code! 1 19(e) of any United States provisional application(s) feted twlow. 



Application Number(s) 


Filing Date (MM/DO/YYYY) 







□ 



Additional provisional application 
numbers are listed on a 
supplemental priority sheet 
attached hereto. 
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the amount of time you are required lo complete this form should be sent to the Chief Information OfTcer, Patent s 
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Comm>ssioner of Patents and 



Burden Hour Statement: This 



individual case. Any comments oi 
Offce. Washington. DC 20231 
/ashington. CX; 20231 . 



(January 1997) 



Annex US. ill,.. 



DECLARATION 



cnefrt under Tnio 35. L 



Uxle §120 of any Unied Stales app<cation(s), or §36S(c) of any PCT inter 

n (he manner poDvided by (he frst paragraph o< Tiie 3S.^UnKe<i SU 
material (o palentabifty as defined in Tttte 37. Code of Federal Regut 
■<ica(ion and the fia(iona( or PCT htemadonal fling da(e of thre application. 



U.S. Parent Application 
Number 



Parent Filing Date 
(IVIIVI/DO/YYYY) 



Parent Patent Number 
(If applicable) 



U.S. or PCT irt 



! applcation numbers ai 



ty sheet attache<i hereto. 



foliowing regtsterod prarii[ior:er(s) to prosecute this appficatbr 



Charles A. Muserlian 
Jordan B. Bierman 
Donald C. Lucas 
Bierman, Muserlian and 
Lucas 



19 ,683 



j j,629 



31,275.„. 



I ! Additional registered prac(ilioner(s} named on a supplemental sheet attached hereto. 



Bierman, Muserlian and Lucas 



600 Thrrd Avenue .. 



New York 



statej New York 



Country j U.S.A. 



iTelephone } (212) 6 6 l^^t^OO"^ Fax | (212) 661 



I application or any patent is: 



lerein of my own knowtedge ai 
w«fe made with the Imowtedge 1 
of Title 18 of the Urui^ States 



!l wJlful false statements : 



d IjeSef : 

I the (ike so made are punishable by fine or 
c staterrvenfs may jeopardize the validity of 



Name of Sole or Rrst Inventor: ] 



r~] A petition has been fited for this unsigned inventor 



.0) 



Middle Family 



■<3 



Residence: City 



state Country L 



nited Kingdom j c^^^^^^^ip hexicah 



26 Cambanks , Union Lane 



cRy Cambridge state Uip CB4 IPZ country united Kingdom 



Additional inventors are being named on supplemental sheet(s) attached h 
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DECLARATION 



PTO/SBA31 (5-96) 
.ved for usolhnough 9/30/98. OMB 0651-0032 
Office US DEPARTMENT OF COMMERCE 



ADDITIONAL iNVENTOR(S) 
Supptemental Sheet 



1 



Name of Additional Joint Inventor, if any: 



I I A petition has been filed for tfiis unsigned in 



j Family j 



I.FROMENTIN 



16, Rue de Flandres 



zjpF-75019 Country France 



Name of AdditionaiJoint inventor, if any: | □ A petition has been filed for this unsigned in 



Cambridge 



III I country j tfeitil^ ^' K 1 R g do iTi crtizenship German 



Post Office Address 



:e Address 37 Qwydir Street 



'^'^1 Cambridge 



Name of Additional Joint Inventor, if any: 



Zip CBI 2LG p^""H United Kingdom 



I I A petition has been filed for this unsigned 



j Suffix j 



ctty Cambridge 



country United Kingdom 



Post omce Addre 



zenship jsngli 



17 Clarendon Road 



[Cambridge 



Name of Additional Joint Inventor, if any: 



^PCB2 2BH United Kingdom 



A petition has been filed for this unsigned 



Name I Carmen 



Spain ^ 



cittzensfiip Spani 



C/Marcelino Fernandez 7, 2"B 



cfty Oviedo 



Zip bS-3301dcountr^ 



Spain 



□ Additional mventors are being named on supplemental sheet(s) attached hereto 

[Page 3 of 5] 



(January 1997) 



PTO/SBrt)1 (8-96) 
through 9/3<V98. OMB 06S1 -^1032 
3. DEPARTMENT OF COMMERCE 
mtains a vaSd CMB control number. 



+ 



^ DECLARATION 



ADDITIONAL iNVENTOR(S) 
Supplemental Sheet 



Name 1 J 
Signature 


e an- Marc — \ \ i Name \ — 


Date 




Residence: 
City 


. ' Istatel 1 country! -p '^^k^l\ 1'^'^'^^"''*''^ 1 French 
Compieqne | j 1 1 France — ^ t'—A 1 \ 



Name of Additional Joint Inventor, if any: 



n A petition has been filed for this unsigned inventor 



22, Rue des Domeliers 

' ^-6 0200 



Country France 



Name of Additional Joint Inventor, if any: 



=1 



Marie-Cecile 



"J [~i A petition has been filed for this unsigned inventor 



117 . Avenue de Choisy 



zip F-75 013|^""'^1 France 



Name o\ Additional Joint Inventor, it any:~ 



j — ] A petition has been filed for this unsigne 



Khadidia 



I SALAH-BEY 



I Suffix j 
I e.g. Jr.l 



Country p^ance 



Post Office Address 



|Z)( I Citizens^ 



'p [Alger L 



100, Boulevard Massena 



'lF-75013 



Name of Additional Joint Inventor, if any: 



s fcieen filed for this unsigned inventor 



ki'aM iN^amen SALAS 



I Country j Spain ^Z-^Z;)'/^ y'^'^ 



nstlip Spanish. 



C/Guillermo Estrada 



2-Bajo Izda 



i ^"^ IeS-33060 



Spain 



eing named on supplemental sheet(s) attached hereto 



(January 1997) 



